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LINEAR MEASUREMENTS 


UNIVERSAL MEASURING COMPARATOR TYPE IKU-2 


N. F. Delyunov, E. I, Rozenberg, and E, P, Smirnova 


Translated from Izmeritel’naya Tekhnika, No. 8, 
pp. 1-3, August, 1961 


In 1959 the State opticomechanical plant developed a new universal measuring compara tor,mode! (horizontal 
length gauge) type IKU-2 [1]. The instrument is intended for direct and differential measurements of internal and 
external linear dimensions of various articles. The differential dimensions are measured by comparing the measured 
article with block gauges, templates or reference details, It is intended to start mass production of these instruments 
in 1961 after they have passed their state testing. 


Length measurement range, mm 0-500 
Diameter measurement range, mm 

external 0-225 

internal | 13.5-150 
Minimum calibration of the readout device, mm 0.001 
Linear scale calibration, mm 1,0 
Linear scale measurement range, mm 0-100 
Micron scale measurement range, mm +0,1 


Maximum error of this instrument in measuring block gauges (using instrument scale certificate correction), 


mim +(0,001-+ vo To , where L is the measured length, mm. 


200,000 
Maximum weight of the measured detail, kg 10,0 
Over- all dimensions, mm 1150 x 460 x 520 
Weight, kg 150 


The optical arrangement of the instrument is shown in Fig. 1. Lamp 1 illuminates millimeter scale 10 through 
prism 2, condenser 3, heat filter 4, filter 5, mirrors 14 and 6, prism 7 and lens 8, The images of the scale gradua- 
tions are projected by objective 11 through prism 15 onto the plane of the tenths of a millimeter scale 16,which is 
drawn in the form of double graduations. The images of the millimeter scale graduations and those of the tenths of 
a millimeter scale are projected onto screen 9 through prism 17, objective 19 and mirrors 13 and 27. 


Lamp 1 illuminates grid 23 placed in the focal plane of objective 24 through prism 31, condenser 30, heat 
filter 29 and filter 28. The grid consists of a plane-parallel plate with a micron scale on one half of it and an index 
on the other. The micron scale is similar to that of the optimeter tube scale and has 200 calibrations placed sym- 
metrically either side of zero (100 calibrations on each side). 


The rays of light are projected in a parallel beam from grid 23 through prisms 18 and 26, objective 24 and 
prism 22 onto mirror 25 and are reflected from it back onto prism 22, objective 24, prism 26 and 18. The micron 


scale image is thus produced in the index plane and projected tobether with the index onto screen 9 by means of ob- 
jective 20 and mirrors 21 and 27. 


Mirror 25 is coupled to a vibrating system similar to that used in the optimeter tube, An axial displacement 
of the measuring stock tip deflects mirror 25 through a certain angle, thus making the image of the micron scale 
move on the screen with respect to the index. The mechanical and optical parameters of the instrument are chosen 
in such a way that the displacement of the micron scale equal to one division corresponds to an axial displacement 
of the measuring tip equal to 0,001 mm. 


The graduations of the millimeter scale and the double graduations of the tenths of a millimeter scale appear 
in the upper part of the screen, whereas the index and the micron scale appear in its lower part. In comparison meas- 
urements reading are taken from the micron scale, In direct measurements hundredths and thousandths of a millime- 
ter are read off the micron scale, complete millimeters off the linear scale, and tenths of a millimeter of the tenths 
of a millimeter scale with its double graduations. The reading shown in the figure amounts to 4.5727 mm. 
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For centering the lamp, lens 12 is used and the lamp filament is projected onto the screen instead of the 
millimeter and the tenths of a millimeter scales. 


Comparator IKU-2 is shown in Fig. 2. The instrument is mounted on a cast base 1 with strengthening ribs. 
The top of the base carries flat guides for mounting and directing the displacement of tail spindle stock 2 and meas- 
uring stock 5. The middle part of the base is fitted with an objective table 11. 


The tail spindle stock is displaced along the guides by 
knob 13 and secured in the required position by lock screw 12. 
The upper part of the stock carries, along the measuring line 
of the instrument, tail spindle 3 whose construction is similar 
to that of the spindle used in the horizontal optimeter IKG [2]. 


The measuring stock is displaced manually along the 
guides and secured in the required position by screw 10. The 
optical system is mounted inside the measuring stock. The 
forward part of measuring spindle 4 carries a head with a 
vibrating mirror system coupled to the measuring rod on 
whose end interchangeable tips are placed, The middle por- 
tion of the spindle has a 100-millimeter scale which serves 
to measure the spindle's displacement. The rough displace- 
ment of the spindle is made by means of knob 8, and the ac- 
curate displacement by microscrew 9, For measuring inter- 
nal dimensions, holders with bows are fitted onto the head 
and tail stock spindles, 





The upper part of the measuring stock carries screen 7 
and behind it the illuminating system 6. For lighting pur- 
poses lamp STs-68 (8 v, 30 w) is used, with a transformer 
which connects it to the lighting mains (127 v). 





The objective table 11 is designed for placing on it 
and securing articles and various special devices and compo- 
nents to be measured, The mechanism of the table provides 
all the required movements for displacing the measured ob- 
ject with respect to the line of measurement. 


a! 
10 


All the attachments produced for set IKG can be used 
with instrument IKU-2, including vertical centers PP-2, 
horizontal centers PP-3 and the electrical contact head 
GK-2 [1]. Specially developed devices include attachments IP-6 and IP-7, which serve for measuring the mean di- 
ameter of internal metric threads in rings. By means of these attachments it is possible to measure mean diameters 
between 17 and 150 mm with a pitch of 1.5-3.5 mm. The principle of measurement involved is similar to that used 
in attachment IP-4 of optimeter IKG [2]. 


Fig. 2. 


The expected maximum error in direct measurements of extemal dimensions by means of this instrument con- 
sists of the following errors: the attestation error Al, of the linear scale, the reading error Al, of the micron scale, 
the error Al, due to the setting of the readout device to normal magnification, the error AJ, due to the placing of 
the millimeter scale graduation between the double graduations of the tenths of a millimeter scale, and the tempera- 


ture error Als, The total error is determined from the formula Al=+ /* ar - Errors whose value does not 
f=1 3 


exceed 0,2 w are not included in determining the error Al , 


Instrument IKU-2 operates on the comparator principle, Hence, the comparator error, which is determined by 
the relation L(y”/2)(L is the measured length, ¢ is the slope angle of the measuring spindle),amounts to a small 
quantity, For L= 100 mm and ¢ = 10” the comparator error does not exceed 0,1 p. The permissible deviation from 
the normal of the distance between any two millimeter scale graduations does not exceed + [0.001 +(L/200,000)] mm, 
where L is the distance between the graduations. 
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Since the actual deviation of each graduation from the normal is entered in the certificate attached to the 
scale and is taken care of by appropriate corrections, the errors in the scale calibration do not affect the instrument 
measurement errors. It is only necessary to take into account the error of scale attestation, i.e., the errors of the 
corrections listed in the certificate. The scale of the IKU-2 instrument is certified by means of a stereocomparator 
as a 2nd grade scale with a maximum error of + 0.5 according to the Committee's Instruction 82-56, Since in 
measurements, readings are taken of two different graduations of the scale, the maximum error introduced by the 
millimeter scale amounts to Al,= 40,5 72= 40,7p, 


The tolerance of the IKU-2 instrument's micron scale readings amounts to +0.3. The error of measurement 
introduced by the micron scale with readings taken from two different calibrations amounts to A/,= 4 0,38 4 2= 
= 4044, 


When the readout system is set for normal magnification, the millimeter scale graduation images are adjusted 
to fall between the double graduations of the zero and ten divisions on the tenths of a millimeter scale, A setting 
error of + 0.5 » is then allowed, The measurement error due to the setting of the readout device to normal mag- 
nification thus amounts to Al, = + 0.5 py. 


The error due to the setting of the millimeter scale calibration image between the double calibrations of the 
tenths of a millimeter scale and the readout error of the micron scale were determined as a combined error when 
the instrument was checked and measurement results processed, This maximum combined error amounted to 
+ 0.36 pw. Since in each measurement the graduation image is set at two different points of the tenths of a milli- 
meter scale, the above error enters in the measurement result twice, and its maximum value amounts to Ai, = 
= + 0,36 72= + 0.5 4p, 


Errors due to temperature deviations from the normal (20°C), at which measurements should be made, are 
produced by the incomplete equalization of the temperatures of the measured object and the instrument, and the 
difference in the linear temperature coefficients of the measured object and the instrument's millimeter scale, 


In measurements by means of the IKU-2 set,a difference in temperature of +0,.5°C between the measured ob- 
ject and the instrument scale is allowed. The measurement error for a linear temperature coefficient of steel of 
a = 11,5 - 10°* deg" due to this cause amounts to Al’s= 4 0.5+ 11,5°10°°+ Lmm= # 5,75 + 107° L mw, where L 
is the measured length, mm, 


For calculation purposes it is possible to assume that the difference in the linear temperature coefficients of 
the measured object and the instrument scale amounts to 1,4 + 10° deg™", When the temperature of the measured 
object and the instrument scale deviate from the normal by + 2°C, a measurement error is produced due to the dif- 
ference in the linear temperature coefficient of the measured object and the instrument scale which amounts to 
Al*, = + 1.4-10°°-2Lmm=+é 2,8°10% Ly, 


Thus, the measurement error due to temperature errors will amount to 





£V a1;2402— +4 V (6.75-10-°L)*+ (2.8-10->= 46,4-10-8L yp, 


The expected maximum error of instrument IKU-2 in direct measurements of external dimensions amounts to 








at=+V 0.7°40.4°40,5°4.0.5°4(6.4-107°L)" =+V/ 1.15+(6.4-10-2L)2~ +(14-s5) bs 


where L is the measured length, mm. 


The testing of experimental models of instrument IKU-2 confirmed that the maximum error in direct meas- 
urements of external dimensions by means of this instrument does not exceed the expected error obtained by calcu- 
lations. 


Instrument IKU-2 will have a wide field of application in the engineering and instrument-making industry, 
in various test laboratories and scientific-research institutes. 
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PRESSURE STABILIZERS FOR PNEUMATIC INSTRUMENTS 
USED IN LINEAR MEASUREMENTS 


A. P. Kurochkin and F. V. Tsidulko 


Translated from Izmeritel’naya Tekhnika, No. 8, 
pp. 4-7, August, 1961 


The Interchangeability Bureau of the State Committee of Automation and Engineering has carried out an ex- 
perimental and analytical investigation of air pressure stabilizers for instruments used in checking linear dimensions. 


These stabilizers work in the range of input ("mains") pressures of 3-6 A,, output (“working”) pressures of 0.3- 
2.8 A, and flows of 5-150 nl/ min (sometimes up to 250 nl/min). A peculiarity of these stabilizers consists in strin- 
gent requirements for maintaining a constant working pressure, The known designs of pressure stabilizers can be re- 
duced to the four following types of proportional regulators; reversed action (Fig. 1a), direct action (Fig. 1b), am- 
plified reversed action (Fig. 1c), and another version of a direct actionregulator (Fig. 1d). 


The balance equation for the moving system of a stabilizer shown in Fig. 1a can be represented without taking 
into account the weight of the system and stiffness of the diaphragm by the following relation of the working pressure 
to the mains pressure and the air flow: 


n= ( P,— Ps )—-( fy )P—| K, + K; Q 
Feff —fv Fett —fy | © 1 Bd, (Fegp—fy ) J\Agt 1.08) 





where H is the working pressure, Ag; P,,, is the mains pressure, A,; Q is the air flow through the stabilizer, nl/ min; 
P, and P, are the pressures of the main and valve springs of the stabilizer with a closed valve, kg-wt, P,; > P,; K, and 
K, are the stiffnesses of these springs, kg-wt cm, K; > Kg; Fogg is the effective area of the diaphragm, cm’; dy is the 


diameter of the valve opening,cm; f= 1 d2,/4 is the area of the valve opening, cm’; B= 62.3 - 10°- ~ 





1 H+ 1,03 ¥%3+P 
* ~—————_ for a supercritical condition of air flow through the valve, i.e., for ————— = 0,528, and 
kg-wt * min Py + 1.03 
B = 241-10°__@__ / 7 (=o l 
V 273+ 0 ( P+ 1.03 +> 103 /- kg-wt. min 
H + 1.03 


for a subcritical condition of airflow through the valve, i.e. for P > 0.528, where a is the flow factor of the 


m + 1,03 
valve; t° is the air temperature at the stabilizer input. 


Let us now examine the relation between H and P_,. For the case when Q = 0 the relation of the working pres- 
sure to the main pressure is represented by a broken line OAB (Fig. 2). Inthis graph the ordinates do not represent 
mains pressure, but the ratio of this pressure to a constant quantity H,,,,, which is the nominal value of the working 
pressure equal to an arbitrary value of H in a range of P;,, which is suitable for operation, i.e., where the effect of 
Pr on H is small. We find that H = P,,, in section OA, and in section AB the relation between H and P,,, is represent- 
ed by (1) without a third term in its right-hand side, since Q = 0, Moreover (1) becomes linear and the slope angle of 


the straight line to the abscissa is a = tan™'- Tar kz . In stabilizers shown in Fig. 1a it is normal to have f,« Fogfi 
eff “Vv 
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hence att < 1 and,therefore,in section AB the variations of H are 
eff" /v 
considerably smaller than those of Py, which have produced the former, 


fy f 
Let us note that mw — since f, «K Fert. 
Feft- Jy Feff * vet 


For Q = 0,éach value of Q corresponds to a curve which always 
passes below the line OAB, Figure 2 shows an example of such a curve, 
For an amplification of Pm / Hyon these curves approach asymptotically 
the line AB, If the shape of the curves is examined for a P,, decreasing 
from its maximum value, it will be seen that the curves deviate increas- 
ingly from the straight line AB, and that for small flows the curves de- 
viate but little from AB, Moreover, these curves first rise, reach a max- 
imum and then begin to drop, and for large flows they deviate consider- 
ably from line AB and from the start begin to drop. This is quite natural, 
since the value of the third term in the equation is proportional to the 
flow Q, and the greater the Q the greater will be the deviation of the 
characteristic from the straight line AB, In each curve for a certain val- 
ue of Pm the value of H begins to drop rapidly, Hence, if the stabilizer 
operates at values of Pr smaller than the above the error in H rises rap- 
idly. The value of P,,, for which the curve begins to drop rapidly de- 
pends onQ, The greater the Q the greater will be that value of P,,,. It 
will obviously always be greater than Hpom. In a correctly designed 
stabilizer the curve which corresponds to the maximum value of Q does 
not tend to drop rapidly for the smallest possible value of P,,. 


Experimenta! characteristic curves of stabilizers shown in Fig. 1a 
and obtained for various values of H and Q agree well with the calculated 
data. 


Figure 3 shows a family of experimental characteristics with re- 
spect to mains pressure obtained for one stabilizer. The general shape 
of curves of stabilizers shown in Fig. 1a is the same for all the stabilizers 
and under all the operating conditions, 


In view of the above it becomes possible to consider the problem of reducing the effect of P;, on H, in other 
words of “straightening out” the characteristics, i.e., approaching them to a horizontal straight line, It will be seen 
from (1) that this can be achieved by firstly decreasing the absolute value of the second and third terms in the right- 
hand side of the equation, and secondly by partly compensating these terms, The absolute values of both these terms 
are reduced by increasing Fo¢r, i.e., enlarging the inside diameter of the diaphragm, This diameter normally amounts, 
in stabilizers shown in Fig. 1a,to 60-100 mm and determines the diameter dimension of the stabilizers, A further in- 
crease in the internal diaphragm diameter can be made by raising the dimensions of the stabilizer. It will be seen 








from (1) that the diameter of the valve opening affects in a different manner the second and third terms; hence, the 
value of dy should be selected so as to provide the maximum mutual compensation of the second and third terms. 
Let us examine this more closely. 


By taking into account the shape of the curves it is possible to assert that for each stabilizer, for given values 
of fy, Ky and Kg, there exists a flow which provides the maximum straightening out of the characteristic over its 
operating range. The straightening-out is attained owing to the fact that for this value of Q the sum of the second 
and third terms is almost independent of P;, over the operating range. In Fig, 3, this is attained at Q = 80 nl/min. 
A complete straightening- out of the characteristic is not obtained, but it deviates very little from the horizontal. 
For smaller values of Q the curves pass above this horizontal value, since for smaller values of Pm the absolute value 
of the second term (1) decreases more rapidly than the absolute value of the third term increases, For larger values 
of Q the curves pass below this horizontal line and the relation of the absolute values of the second and third terms 
is reversed. It is obvious that with a decreasing f , and, hence, a decreasing f y/ Fogg, the straight line AB( Fig. 2) 
will become less steep, and with a rise in the above values it will become steeper, This effect will turn the family 

_ of characteristic curves obtained for different flows in a direction above or below the horizontal. 


Stabilizers used in pneumatic measurements operate over a very wide range of flows, and investigations have 
shown that the value of f , should be chosen for each range so as to place the curves corresponding to the minimum 
and maximum flows approximately symmetrically with respect to the horizontal line, This arrangement will provide 
in the operating range the smallest possible maximum error of the working pressure due to variations in the mains 


pressure, 


It is interesting to note that the second term in (1) can be completely eliminated by taking the mains pressure 
off the valve, There exist several design versions for achieving this effect. However, in stabilizers used in pneumat- 
ic measurements this would only lead to an increased error due to variations in the mains pressure, since the mutual 
compensation of the second and third terms would then be disturbed. 


A reduction in the stiffness of the mains spring K, would decrease the absolute value of the third term as well 
as the error of the stabilizer as a whole. However, in order to reduce the stiffness of spring K, and at the same time 
preserving the effort P, provided by it, which corresponds to the working pressure H, it is necessary to increase the 
length of the spring, and hence the height of the stabilizer. However, this change, like the increasing of the dia- 
phragm diameter, is only expedient within certain limits. 


Let us now examine the relation between H and P,, for the stabilizer shown in Fig. 1b. The balance equation 
for this stabilizer derived with the same assumptions as equation (1) differs from it to a certain extent: 


H=(>2>>-)+(,*—pr -| K, + Ks ( a) ) 
fet +hy Ferp +fy Bd (Egg +f,)) \ By +1.08 


For Q= 0,straight line AB, plotted from this equation, is similar to straight line AB shown in Fig. 2 and is in- 





(2) 


clined to the x-axis at an angle of « = tan™'. tr a) ar! Jv, i.e., the absolute value of the slope 
e Vv eff 


angle is virtually the same as in (1), but its sign is reversed. In this case there can be no mutual compensation of 
the second and third terms. Hence the operating pressure error due to mains pressure variations can only be attained 
by decreasing the value of the second andthird terms (2), It should also be noted, incidentally, that the experimen- 
tal characteristics H = f(Pm) of this stabilizer are also in good agreement with the respective calculated character- 
istics. 


Let us now examine the relation between the working pressure H and the air flow Q, For stabilizers shown in 
Figs. 1a and 1b we find from (1) and (2) that H is a linear function of Q, and that with a rising Q the working pres- 
sure decreases, In order to reduce the effect of Q on H it is advisable to increase Fore and dy, and to decrease Kj. 
However, it has already been pointed out that a rise in Fe¢¢ and a drop in K, lead to increased dimensions of the 
stabilizer, and that increasing dy above a certain optimum value leads to an increased error due to variations of the 
mains pressure. On the basis of experimental data the following conclusions can be drawn: the stabilizer shown in 
Fig. 1b is approximately equivalent to stabilizer shown in Fig. 1a with respect to its complexity and dimensions, but 
it is less accurate, Therefore it is not advisable to use stabilizer shown in Fig. 1b for pneumatic testing. 
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The stabilizers shown in Fig. 1c have a working pressure error due to variations in the air flow 2,5 times smal- 
ler than in the stabilizers shown in Fig, 1a. 


An examination of these stabilizers reveals that the accuracy which can be attained with stabilizers shown in 
Fig. 1a is limited by its design, and that the higher accuracy obtained with stabilizers shown in Fig, 1c is due to their 
more complicated design, Thus, it becomes obviously desirable to find a stabilizer designed simpler than in a regu- 
lator with an amplifier, yet more accurate than in a reversed-action proportional regulator, shown in Fig. la, Such 
a design, which in our opinion is very promising, is shown in Fig. 1d. The operation of this stabilizer is represented 


by the equation: 
f fy — Fest § cwnihmensll 
He + P. _ . 3 
oa ( ty Yi Bay fy \ a? ” 


It is derived in a manner similar to equations (1) and (2), It will be seen from (3) that the value of the second 
term in the right-hand side of the equation can be reduced virtually to zero by making Fe¢¢= fy, and the value of 
the third term is several times smaller than that in stabilizers shown in Figs. 1a and 1b, owing to the considerably 
larger value of dy. In this stabilizer there is no necessity to increase F.¢r, as it is done in the design shown in Figs.la 
and 1b, for the purpose of raising its accuracy of operation, Thus, it becomes possible to considerably reduce the size 
of the stabilizer, At the same time there is no longer any need to reduce d_, as it has to be done in the stabilizers 


shown in Figs. 1a, 1b, and 1c, and owing to a large dy the stabilizer error due to variations in the flow is considera- 
bly reduced, 








In conclusion, it is advisable to deal with the application of various air pressure stabilizers for instruments and 
transducers used in linear measurements, The special work carried out by the Interchangeability Bureau in establish- 
ing the relation between the operating pressure error, and hence, the error of measurement, has made it possible to 
specify the requirements for various measuring systems with respect to pressure stabilizer accuracy. Knowing the 
actual accuracy characteristics of stabilizers, it has been made possible to specify their ranges. 


The basic conclusions arrived at in this work with respect to stabilizers show that stabilizers made according to 
Figs. 1a and 1c cover all the requirements of pneumatic measuring devices in different spheres of application, 


UTILIZATION OF WOOD FOR MAKING LARGE-SIZE 
MEASURING DEVICES 


I, P, Vaganov 


Translated from Izmeritel'naya Tekhnika, No, 8, 
pp. 7-9, August, 1961 


The metallic devices used at present for measuring large sizes are very heavy. Thus, the steel micrometer 
made by the "Kalibr® plant for a range of 1750-2000 mm weights 20 kg, diameter- measuring caliper gauges for the 
same range and made of steel tubes and tubular caliper gauges for linear measurements up to 6000 mm weigh 25 kg 
and more, and slide gauges measuring up to 4000 mm weigh 30 kg, At the same time the accuracy of the above de- 
vices is low owing to their low rigidity and large temperature errors, They can be used under the most favorable 
conditions for measuring articles of the grade of accuracy of 3a-5 GOST (All-Union State Standard) 2689-54, 


Plastic gauges including Fiberglas-reinforced epoxy resin gauges are used in the USA. Normally they are cut 
out or pressed out of plates, and their sizes are small [1, 2], The effect of temperature on these gauges or their error 
characteristics have not been published anywhere, 


Attempts to reduce the weight of diameter- measuring and linear caliper gauges by making them of aluminum 
alloys have not produced any positive results either with respect to their rigidity or their accuracy, 
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Attempts have been made in the Soviet Union to manufacture large gauges of laminated wood plastics (DSP). 
Preliminary tests of a 1200 mm micrometer made of a laminated wood plastic provided satisfactory results [3]. There- 
fore, in the last two decades the idea of the possible use of wood in making gauges for measuring large dimensions has 
been gaining ground, They are expected to be of a higher precision than metal gauges. 


The well-known Czechoslovak scientist Professor N, N. Savin asserts [4] that insulation of the wood from humid- 
ity, a rational design of gauges, and the application of the basic rules of measurement technology to wood gauges will 
make them serviceable and completely reliable for ensuring interchangeability of large-size machine parts, The same 
opinion about wood as a material suitable for gauges is held by a number of other experts, 


The physicomechanical properties of gauges will vary with the type of wood used, but these variations are in- 
significant as compared with similar differences in grades of tool steel. In view of the above, we ascribe, in any fur- 
ther considerations, certain mean properties to wood irrespective of its type (pine, spruce, fir), taken with a relative 
moisture content of 12%, With these assumptions we have arrived at the following conclusions: 


1) the specific gravity of soft wood is 18 times lower than that of steel; 


2) the thermal conductivity coefficient of wood is up to 100 times lower (along the grain) and up to 350 times 
lower (across the grain) than that of steel, and it is only a few times (2 to 6) larger than that of the best lagging ma- 
terials (slag, cork plates, mineral wadding, felt, etc.); 


3) the elasticity modulus of wood is 20 times lower than that of steel (along the grain); 


4) the permissible tensile and compressive stresses in steel are 20 times higher than those in wood; however, 
these stresses per unit weight are about the same in wood and steel. 


By comparing the properties of woods of various types, [4, 5] it was found that fir was the most suitable for mak- 
ing gauges. Of all the coniferous species fir has the lowest specific gravity (its volumetric weight is equal on an 
average to 0,38 g/ cm’), it is more homogeneous, it dries relatively quickly in fresh air and tends to split less than 
other soft woods; moreover it is less knotty. An important defect of wood, which until recently has limited its use for 
gauges, consists in considerable variations in its linear dimensions with the humidity of the surrounding air. For a rela- 
tive humidity of 1% the linear dimensions change in the tangential direction by 0.16% for fir, by 0.24% for spruce and 
by 0.32% for oak, Considering that in the mean latitudes of our country the air temperature varies during a year from 
—35 to+ 35C,and relative humidity from 40 (May) to 90% (December), the final moisture content of an unprotected 
air-dried wood may attain anything from 7 to 23% [5]. 


Special experiments were conducted [4, 6] for determining the effect of moisture on unprotected (without cover- 
ing) hole gauges made of fir and maple boards with the best yearly ring structure both in the transverse and longitudi- 
nal directions, These boards were previously dried in stacks for 1,5-2 years in the open air. These data were proc- 
essed by us and are shown in a diagrammatic form (see Fig.) where the observation time t in weeks is plotted along 
the x-axis, and the deviations in the hole gauge length / in p, and the relative humidity € in % along the y-axis, 
The data of three-meter hole gauges is referred to 1 m. 


It will be seen from the diagram that curve 2 showing the variations in the meter hole gauge length almost 
completely coincides with curve 1 showing the variations of the relative humidity of air; however, when the relative 
humidity after a lapse of 5 weeks fell from 72 to 60%, the variations in the hole gauge length were slowed down and 
henceforth followed with a lag the variations of air humidity. - 


The deviations in the length of the 3-meter hole gauge No, 3 (curve 3) are smaller than those of the meter hole 
gauge on an average by 45%, The deviations in the length of the 3-meter hole gauge No. 4 (curve 4) are in turn 
smaller than the variations of hole gauge No. 3 on an average by 30%, due to the effect of glue which acts as a hy- 
drophobic substance preventing the penetration of moisture from the air into the wood, A similar effect is observed 
in hole gauges made of maple, The numerical values in the latter case almost completely coincide with those ob- 
tained for pine hole gauges with very small individual deviations on the lower side. 


We carried out special experiments with wood half-meter hole gauges of a rectangular cross section made for 
this purpose at the experimental workshop of the Sverdlovsk branch of the VNIIM (All-Union Sc ientific-Research Insti- 
tute of Metrology) from fir boards which had been dried naturally for two years. These experiments have shown that 
for a relative air humidity variation of 1% the meter models changed their dimension along the grain by 10 » and 
across the grain by 100 4. In samples which were glued “crosswise” from two or three boards at an angle of 45° to the 
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axis of the sample (the direction of the grain in one of the boards was at 90° to that in the other), the length changed 


by 16 #; moreover, the size of the samples begins to change with a lag with respect to the air humidity variations 
(in some cases the lag amounted to two days). 


In order to raise the hydrophobic properties of wood there exist many methods of covering or impregnating it 

[5]. Comparative tests [4] of moisture absorption by wood covered with various lacquers and paints and then placed 

in a humid atmosphere (about 100% relative humidity) have 

shown that if the absorption of a completely nonhygroscopic 
6% material is taken to be 0, the absorption of wood covered 
with aluminum sheets (Foil) over asphalt or shoe varnish 
amounts to 0-2%; when covered with three layers of alumi- 
num powder in turpentine paints or over an asphalt base it is 
2fo; with three layers of aluminum powder over shoe varnish, 
or aluminum foil over celluloid lacquer or oil paints it is 
6-7%o; with a consistent thick layer of paraffin it is 9; with 
three layers of asphalt, rubber or enamel carriage lacquer 
it is 10-12%; with three layers of shellac, or cellulose enamel 


ar 
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[ | f | or varnish it is 13-27%; with ofl paint or three layers of white 
ied <. iin or lead or zinc oxide it is 30%; with three layers of graphite 
paint or shoe varnish it is 40%; with linseed oil or drying oil 
Variations in the length of a wooden hole gauge it is 80-82%; with furniture wax it is 90-92%, and unprotected 
with respect to the relative humidity of air. wood is 100%, 
1) Relative humidity of air, %; 2) variations in 
the length of a meter hole gauge No. 1 with a The Uralmash plant made experimental samples of 


wood (fir) indicating diameter- measuring and linear caliper 
pened &) eentaiens 0 Ges Sete af o Sennen gauges for different measurement ranges. In order to raise 
preapd bh eyr gan ashy the rigidity and strength of the gauges the walls of their 
hole gauge No. 3 with a cross section of 22 x 
frames were glued from separate layers 8 mm thick with the 

x 60 mm (in the middle of 22 x 80 mm) made of f 45° 

lid fir board; 4) variations in the length of a grain of each layer at 90° to the preceding and at to the 
a : mean line of the gauge frame, Experiments with fir samples 
have shown that such a position of the grain is most efficient 
and provides the least deformation. In order to reduce the 
weight of the gauges they were made hollow with an internal 


tensioning member at an angle to the axis of the frame, The gauges were covered by five layers of perchloro-vinyl 
enamel type PKhV-715, 


cross section of 20 X 35 mm made from a solid fir 


3-meter hole gauge No. 4 of the same cross sec- 
tion made from four solid fir boards (glued together). 


In the experimental determination of the effect of humidity on the set dimensions of a caliper gauge a shaft 
model (of an appropriate diameter) was measured in the same position, namely, when it was placed on a marking- 
off (test) table and the gauge was in the hands of the operator. The air temperature in the room was within the 
limits of 20.2 to 21.3°C. The temperature variations did not exceed 0.15°C per hour and 0,5°C per shift. Air humid- 
ity varied in the range of 35 to 59%. The root-mean-square error of a series of measurements in determining dimen- 
sions by means of the diameter- measuring caliper gauge with a range of 2000-2250 mm amounted to + 6,5 p for a 
frame height of 350 mm, and to +9.3 pw for a frame height of 500 mm, This indicates that the dimensions were de- 
termined within the accuracy of a certificate obtained for the model on an end measuring machine. 


In determining the mean value of a set gauge dimension the quadratic mean error of the result was found to 
equal +2,9 » for a gauge with a frame height of 350 mm and to +6,.9 py for a gauge with a frame height of 500 mm, 
thus indicating a good agreement of the results (especially if it is taken into consideration that the mean value of 
the set dimension was obtained with considerable variations in air humidity). Thus the dimension of a humidity- 
protected gauge is virtually (within the accuracy of measurements) independent of air humidity, 


Moreover, the tests have shown that the rigidity of wood diameter- measuring caliper gauges in the range of 
1750-2000 mm is considerably greater than that of similar metal gauges of different design, as well as of steel 
micrometers of the same dimensions, The wood diameter-measuring caliper gauge of 2000-2250 mm and a frame 
height of 500 mm was found to be particularly rigid. 


609 





SUMMARY 


Wood diameter- measuring caliper gauges are convenient to use, provide more efficient and accurate measure- 
ments as compared with the best metal gauges and micrometers, and the ambient air temperature virtually has no 
effect on measurement results. 


Wooden measuring equipment has a number of advantages as compared with metal equipment,providing the 
peculiarities of wood are taken into account. The use of such equipment should raise by 1-2 grades the accuracy 
in measuring articles according to GOST 2689-54. 
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MECHANICAL MEASUREMENTS 


CERTAIN PROBLEMS IN DESIGNING INSTRUMENTS 
WITH ELASTIC SENSING ELEMENTS 


A. Il. loffe 


Translated from Izmeritel’naya Tekhnika, No, 8, 
pp. 9-13, August, 1961 


Instruments with elastic sensing elements are widely used for indirect measurements of various physical quan- 
tities related to pressure; for instance, for measuring height by means of the barometric method, determining Mach 
number M or air speed by an aerometric method, etc. 


In designing such instruments a method is widely used based on determining the characteristics of the sensing 
element and on using a computer for obtaining the best approximation to the required relationships [1, 2, 3]. 


The advantage of this method consists in the fact that the approximation can be obtained by means of simple 
mechanisms, Its drawbacks consist in its inherent error and the incomplete application of the possible reduction of 
the manufacturing error. With an increasing measuring range these defects become more pronounced and, in certain 
cases, the instruments fail to meet their requirements with respect to accuracy. 


In this article we examine instruments designed without inherent errors (inwhichactual and not approximate 


relationships are found), as well as the problem of raising production accuracy by using a sensing element with non- 
linear characteristics. 


Let the measured value (A) be related to pressure (p) by equation 


A=F(p). (1) 
Let us assume that F(p) is a monotonically rising or falling function, which in fact is the case for many phys- 
ical relationships, The instrument for measuring the value of A can be represented by the block schematic shown 
in Fig. 1. 


The transducer is used for the measurement of pressure and its functional conversion into a signal determined 
by the characteristic of the sensing element ¢(p) and for the conversion of pressure into a physical quantity which 
is fed to the computer (displacement, voltage, etc.), 


The computer is intended for providing the relationship between the measured quantity and the quantity trans- 
mitted by the transducer, 


Let us show that the accuracy of the instrument depends on the shape of the sensing element characteristic. 
We shall also assume that the transducer accuracy does not depend on the shape of the sensing element character- 
istic. This condition occurs when errors of the sensing element (hysteresis and residual aftereffect) amount to a 
negligible part of the total transducer error, 


The relative instrument error due to the error in measuring pressure is 


AA 0A bp 


“a. = a! (2) 
where Ap is the absolute error in measuring pressure. 


The sensing elements are usually designed with a monotonically rising o falling characteristic which is ex- 
pressed by one of the following functional relationships: 


a linear W = k; (p) (3) 
a logarithmic W = ke lg p, (4) 
or an exponential W = kgp", (5) 


where W is the movement of the sensing element, and k is the coefficient of proportionality. 
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The expressions for the relative error of the transducer can be written: 
in the case of the sensing element with a linear characteristic as 








= ; (6) 
" P, max—P min 
with a logarithmic characteristic as 
Algp 
b= 1 
1g Fuge 8 he ” 
and with an exponential characteristic as 
ese sll 
i max—P min (8) 


where Ap, ig p, and Ap” are the absolute errors in the quantities transmitted by the transducer; Pinyin and P. way 
‘are the minimum and maximum values of the measured pressures. 


Let us determine for each type of transducer the measurement error 
for pressure Ap, 








Pe f ald 2 A For transducers with a linear characteristic we have 




















4p=(Pinax —Fnin)-4:. (9) 


7 tape dmerprase samen ty digrane senna For those with a logarithmic characteristic: 


mS 
And for those with an exponential characteristic: 
Prnax— Prin) 9, (11) 
n- ~ 1 
It will be seen from (9), (10), and (11) that Ap depends on the sensing element characteristic. 








Having determined the instrument error in relation to the shape of the sensing element characteristic, a sens- 
ing element is chosen which provides the smallest error, 


If the measured quantity is the function of two or more pressures, the shape of the sensing element character- 
istic is determined by finding the partial errors due to each pressure and by the above method analyzing all the par- 
tial errors and their sum. 


According to the shape of the sensing element characteristic the computer performs various mathematical 
operations, The measurement error due to the accuracy of the computer must not depend on the type of the math- 
ematical problem or must be considerably smaller than the transducer error, 


Devices which provide the same accuracy for the solution of various mathematical problems consist, for in- 
stance, of electromechanical analogue computers. They are widely used in instrument-making and provide solu- 
tions with an error of 0,01-0,1%, which is virtually one order higher than the accuracy of pressure transducers. 
Digital computers provide solutions with virtually any required accuracy. 


As an example let us examine an instrument which measures the Mach number by an aerometric method. 


The Mach number is related to the dynamic pressure Pg and the static pressure P,, by the expressions: 





| 
for numbers M<!1 nars.V (2 a 41)" a4, (12) 
Pst 
Pa —-166.922M" 


for numbers M>1 = 
P, (71)? 


—!1. (13) 





612 





It will be seen from (12) and (13) that number M is a function of the ratio Pg/P,;. The relation between 
number M and Pq/ P,, is shown in Fig. 2. 


Let us examine the following three methods of obtaining number M, 
1, Pressures Py and P.; are measured, their ratio is found, and a function generator is used to determine the 


relationship 
M= 
Ap o— 


2. The values of lg Pg and lg Ps; are determined, the logarithms are subtracted and a function generator 
is used to solve the relationship: 


M=f(igPa—igh, )- 
3. The relation M= f (Pq /Ps¢) is approximated by expression M= A(Pq/Ps,)", where A and n are certain 
constant parameters depending on the shape of the curve M = f (Pq/P,,). 
A and n can be determined from two points of a curve (for instance 1 and 2 in Fig. 2). 


Then: 
igM,—igM, M; 


zs) (2), (EY 








generator has a much smaller deviation from linearity than in the 


7 (2) ut x first or second cases. 
O“Tr2ae5b?aesuw 


The block schematics of instruments for each of the above 
Fig. 2. methods of finding number M are shown in Fig. 3. 


2 
ast | 
Zor 7 Having determined Pj and Ps, from the above and obtained 
15} | the ratio pa/ Pa p® by means of a function generator which determines 
the difference between the curves M = F(Pg/P,,) and M= A(Pg/ Py”, 
wr | we find number M, Let us note that in this instance the function 
| 





Pressure- measuring sensing elements made in the form of di- 
aphragm or aneroid cells with nonlinear characteristics make i pos- 
sible to combine measurements with functional conversion of lg Py and lg P,, for the second method, and Py and 
Pit for the third method of determining number M. 


In order to raise the accuracy of the instrument,let us utilize the property of the sensing elements to provide 


functional conversion of the measured quantities according to the required law without increasing the error of the 
transducer. 


The partial errors in determining number M due to the errors in measuring the dynamic and static pressures are: 


for numbers M < 1 


4Mpq @M Pd (M2+4.9729)?5—274,99 APA og, BPa 


M  0P, | M  T7MXM*+4.972—)" — P, P (14) 





where APg is the absolute error in measuring the dynamic pressure 


_(M*+44.9729)°-5_274, 22 
7M M?+-4.97297>  * 





for numbers M> 1 





2.5 
AMpg OM APA _ 74p_1) ]166.92M'—(7 M*—1)** ) APg sins Pq (15) 
M Pa M 1168 .5M(2M*—1) Pa Py 
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Fig. 3. Block schematic of instruments for de- 
termining Number M, a) By the first method: 
1) Pq meter; 2) P,, meter; 3) divider of Pa/Ps¢; 
4) function generator, b) By the second meth- 
od: 1) Pg meter; 2) P._ meter; 3) function 
generator Py lg Pg; 4) function generator 
M= fi(ig Pa-1g Psy)s ¢) By the third method: 
1) Pg meter; 2) P,, meter; 3) function prenenter 
Py Pg: 4) function generator P.- > Pett, 5) 
divider A + P9/P%.; 5) divider A: P4 /Po; g) 
function generator M = f[A ° (P4/ Psy) 
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Fig. 4. 1) Transducer with a linear character- 
istic; 2) transducer with a logarithmic character- 
istic; 3) transducer with an exponential charac- 
teristic. 





where 


(7M2—1)|166.92M"—(7M*— 


1)?" 
1168 .57(2M*—1) ; 





for numbers M < 1 








AMP, OM AP, _(M?4-4.9729)° °_274.22 
M oP, M 7M M244 9729)? 
AP AP 
x ——St_=y, st 
Pe Ps (16) 


where AP, is the absolute error in measuring static pressure: 


for numbers M > 1 





M OP, M 
[166.92 M7—(7M*—1)**]_ AP gy ic, bP st 





1168.5M@(2M*—1) Pp Pat (17) 


Having determined AP, and AP, we find from (9), 
(10), and (11) the value of partial errors AMp , /M and 
AMp,, /M for various types of transducers. 


The computation results are shown in the table. 


It will be seen from the formulas given in the table 
that the errors in measuring the number M for equal trans- 
ducer errors (5) depend on the pressure law of the trans- 
ducers. 


Figure 4 shows the curves of the relation of SMp d 
per Mk6 to pressure for transducers with different sensing 
element characteristics, The pressure measuring range was 
taken as 810-10 mm Hg. 


In plotting the exponential characteristic curve it 
was assumed that n= 0.5. In fact n may vary according 
to the range in which number M is measured, 


It will be seen from Fig. 4 that at small pressures the 
errors in measuring number M rise rapidly in transducers 
with linear characteristics as compared with those having 
logarithmic characteristics, Figure 5 shows curves for the 
sum of partial errors (AMp ,/ M)+ (AMp, /M) 4SM/M for 
instruments measuring the value of M in the range of 0,2- 
2.6 at heights of 0-20 km. 


It will be seen from the error curves (Figs, 4 and 5) 
that in designing an instrument for measuring number M 
without inherent errors and with minimum manufacturing 
errors, it is necessary to take into account the range of 
dynamic and static pressure measurements. In measuring 
number M and air speed over a wide range of dynamic and 
static pressures it is necessary to use cells with logarithmic 
characteristics (the second evaluation method). In meas- 


uring number M and air speed at large dynamic and static pressures, i. e., near the ground, it is better to use cells 
with linear characteristics (the first evaluation method). 
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met Fig. 5. 1) Errors of an instrument with a linear 
k = k, for numbers M < 1, and characteristic; 2) errors of an instrument with a 
k = k, for numbers M > 1, logarithmic characteristic. 











The advisability of using cells with exponential characteristics (the third evaluation method) is determined for 
each specific case according to the value of n and the range of the measured pressures. 
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ACCURACY IN MEASURING THE RESISTING FORCE 
BY MEANS OF ELASTIC ELEMENTS 


A. D. Derbaremdiker 


Translated from Izmeritel’naya Tekhnika, No, 8, 
pp. 13-18, August, 1961 


For measuring the operational parameters of oscillation dampers in hydraulic shock absorbers,* special dyna- 
mometer installations [1, 2, 3] are widely used in transport engineering. However, the problem of a correct evalua- 
tion of the results in testing shock absorbers on such installations has not been solved. The parameters of the meas- 
uring devices have not been standardized and do not completely meet the requirements specified for similar devices. 
This does not provide accurate and comparable results in check testing shock absorbers in the manufacturing plants, 
in use, and after repairs, 


' ‘The aim of this article is to draw the attention of research and productionworkers to the size and the charac- 
teristic of errors which arise in testing shock absorbers by means of the dynamometer installations with elastic meas- 
uring elements, and to indicate methods for evaluating these errors both under laboratory and production conditions. 
Moreover, the relationships thus obtained provide a reasonable basis for designing new installations and for improv- 
ing them. 


In order to solve the above problems it is necessary to examine the interaction between the measured unit and 
the measuring device,which arises during the testing of shock absorbers on the dynamometer installation. 


The principle of operation of the installation consists in providing the appropriate shock absorber units with 
an oscillatory movement, This generates in the shock absorber resisting forces which are registered by the elastic 
measuring element of the installation (Fig. 1). 


For a complete oscillatory cycle (one turn of drive 1), shock absorber 3 is subjected consecutively to stretch- 
ing and compression, The resisting forces which then arise and operate in a direction opposite to the movement of 
the drive are transmitted through lever 4 to torsion bar 5,which becomes twisted. Lever 6 and its pointer are then 
deviated from the vertical position either to the right or the left, and pointer pencil 7 draws a line on board 8, Since 
the board is fixed to slider 2 and is displaced vertically with it, the line drawn by the pencil forms a closed curve 
(Fig. 2). The deviation of the curve to the right of the zero line indicates in the appropriate scale the effort resist- 
ing stretching, and the deviation to the left indicates the effort resisting compression. 


The measuring elastic system of the installation is intended for recording the resisting force of the shock ab- 
sorber with respect to the speed of the piston displacement during oscillations which would exist under normal opera- 
tions of the shock absorber. Hence the measuring process is dynamic. However, the elastic system is calibrated 
statically, i.e., the deviation of the dynamometer is determined by suspending reference weights at the end of 
lever 4, 


A certain discrepancy between the static and dynamic effect of the force on the elastic oscillating system, 
which the above device in fact represents, produces errors due to the inertia of the measuring system. 


Another source of errors is provided by the measured unit whose hydraulic resistance affects the measuring sys- 
tem in two ways: on the one hand it produces spurious oscillations, and on the other it takes an active part in sup- 
pressing them, Hence, any variation in the resistance parametersof the shock absorber changes the oscillatory par- 
ameters of the measuring system, which must also be taken into account for a correct evaluation of the measured 
unit operating parameters, 


Let us now examine these peculiarities in greater detail. 


The resisting force developed by the hydraulic shock absorber is in a genera) form proportional to the speed 
of vibrations or,to a certain extent,to the speed of liquid flow. 


* Hydraulic shock absorbers are at present used in all the suspensions of road transport vehicles. 
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Fig. 1. Schematic of the shock ab- 
sorber test rack. 1) Crankshaft-rocker 
mechanism; 2) slider; 3) shock ab- 
sorber; 4) elastic rod lever; 5) torsion 
rod; 6) recording lever; 7) pencil 
(writing stylus); 8) board for recording 
the resisting effort to the piston move- 
ment, 
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Fig. 2. Shock absorber operation 
diagram recorded on a dynamometer 
test rack, P, and P,, are the resisting 
forces to stretching and compression; 
Ah is the lag between the oscillations 
of the elastic measuring device and 
the movement of the drive; AP is the 
deviation of the elastic measuring 
device from the neutral line due to 
the lag in its oscillations; 2R is the 
full displacement of the drive slide, 


Pa=k-v', (1) 


where P, is the resisting force of the shock absorber; k is the coefficient 
of proportionality; v is the speed of vibrations; i is the exponent. 


In order to analyze the measuring system of the dynamometer test 
rack, it is convenient to consider it as an oscillatory system excited by 
the resisting force of the shock absorber. 


Then we can write on the basis of the Lagrange-d" Alembert 
theorem: 


Mx + cx = Pg, (2) 


where x is the elastic element displacement at the point where it is fixed 
to the shock absorber; M is the mass referred to this point; c is the stiff- 
ness referred to the same point; P, is the shock absorbing force. 


Here we neglect the insignificant friction which, however, always 
exists in the system,andwe also assume that the elastic system does not 
have any liquid damping of its own, Let us find the value of the exciting 
force. If we adopt the generally accepted hypothesis that the relation 
between the shock absorber resisting force and speed is linear, we shall 
obtain from the general equation (1): 


Pa= kv. (3) 


In the latter expression it is necessary to define more precisely the 
value of the relativevelocity v with respect to the test conditions, It is 
clear from the principle of operation of the shock absorber (see Fig, 1) 
that both ends of the shock absorber are moving, the lower end at the 
velocity h of the vibrator slider, and the upper end at the velocity x of the 
measuring lever, and that both movements are in the same direction. 


The velocity of the relative movement conveyed to the shock absorber 
is, therefore, 


vush—x. (4) 


Let us replace in the latter expression the value of h by the param- 
eters of the installation’s mechanical drive 


h = Rw-sin of, 


where R is the radius of the crank; w is the angular frequency of oscilla- 
tions; t is the time, 


We assume for the sake of simplicity that the movement is har- 
monic, Let us now insert the value of P, into (2): 


Mx+ kx + cx = kRo sinot. (5) 


Since in these tests it is required to determine the resisting force 
by producing forced oscillations in the elastic system, the general solu- 
tion of (5) is of no interest to our investigation, Its particular solution 
for forced oscillations should be obtained according to the theory of os- 
cillations [4] in the form: 


Xx = X sin (@t — @). (6) 


Angle ¢ is the measure of the phase displacement in the measur- 
ing device oscillations with respect to those of the drive, which occur at 


a frequency of w, The phase shift angle g is a negative quantity, This indicates that the elastic element's oscilla- 
tions lag by angle ¢ from the drive oscillations, In other words, when the vibrator slide is, for instance, at the end 
of the shock absorber’s expansion stroke (in the lower dead center) the slides velocity is zero. Therefore, the shock 
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absorber's resisting force is also zero, but at that moment the elastic measuring device will not yet be in the neutral 
position and,due to its lag,will have a certain deviation, namely, it will only be approaching the neutral line (points 
A and B in Fig. 2). 


Hence, by solving (5) we shall obtain the maximum oscillation amplitude at the reference point 
kRo 
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where k, is the resistance coefficient which produces the aperiodic movement of the oscillatory (elastic) system 
k, = 2 Mc = 2 Mw; wp is the natural oscillation frequency of the system; X, is the static deformation of the 
elastic element under the effect of force kRw, which is the maximum resisting force of the shock absorber under 
ideal conditions when there is no sagging in the elastic element, i.e., when its bracing is perfectly stiff; i= w /w 
is the ratio of the excitation frequency to the natural frequency of the elastic element. 


Let us now examine how the above expressions reflect the effect of separate elements of the elastic system 
and the resistance parameters on the accuracy of recording the efforts developed by the shock absorber during testing. 


It will be seen from (7) that the maximum sag in the elastic element is not proportional to the maximum force 
P, max’ since the denominator contains variable quantities which affect the value of the whole fraction and, as ex- 
perience shows, cannot be neglected. It follows from (9) that the phase shift of the oscillations rises with the shock 
absorber resistance coefficient k, i.e., the error increases with k. It will also be seen from (10) that the error rises 
with the frequency of driving oscillations, i.e., when the excitation frequency approaches the natural oscillation 


frequency of the measuring device. 


From (8) it is possible to determine the relation between the dynamic sagging x» and the static sagging x, 
which is produced by the static effect of the force. This relation includes the resistance parameters of the shock 
absorber and the parameters of the oscillatory measuring system; hence, it is necessary to know them for a correct 
evaluation of the results when testing shock absorbers with unknown parameters. The basic parameters which char- 
acterize the elastic measuring device consist of the stiffness of the measuring element and its mass or moment of 
inertia; hence,they must be determined first of all. The stiffness of the system can be obtained from a static cali- 
bration (or a theoretical computation of the elastic element), its mass can be determined theoretically or experi- 
mentally; in the latter case a special dynamic calibration is required with subsequent computations by means of 
equations (7-10). 


Dynamic calibration amounts in essence to determining the natural oscillation frequency of the elastic meas- 
uring device. In practice this can be attained by direct or indirect measurements. 


In the first instance measurements are made by means of a normal vibrograph, which is fixed* to lever 4 of 
the measuring device (see Fig. 1). The natural frequency of oscillations of the system is produced artificially by 
twisting the torsion bar and then suddenly releasing it. 


* If the vibrograph is mounted in such a manner that the lever supports the whole of its mass, the latter should be 
subtracted for greater accuracy from the measured mass. 
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Indirect determination of the frequency is based on an analysis of the value of Sh (see Fig. 2),which charac- 
terizes the lag in the elastic measuring device oscillations with respect to the drive oscillations, The value of Sh 
provides,on an appropriate time scale, the value of the oscillations’ phase shift, which is related to the natural fre- 
quency of the measuring device by equation (10), It follows from the above that by testing on the installation a 
special shock absorber with an equal absolute value of resistance in compression and expansion and a linear relation 
to speed, it becomes possible to evaluate the natural frequency of the measuring device in the installation, This test- 
ing is greatly simplified if it is possible to carry it out at two different frequencies of drive oscillations. 


The absolute value of the shock absorber's resistance coefficient is then eliminated and the following relation- 
ship is obtained, by transforming equation (10), and used for calculating the natural frequency of oscillations: 


4/7 | 
Oo= / 5 (11) 
1—A 
%, Tie, 
where w, and W, are the two drive oscillation frequencies used for testing; A= te » tg¢, and tgy, are the 
i 


phase shifts in the measuring device oscillations corresponding to the above test frequencies. 
The angle of the measuring device oscillations phase shift is 


= afc cos (45°) ; (12) 


Know ledge of the elastic measuring device oscillatory parameters (mass, elasticity, natural frequency and 


coefficient of aperiodicity kg) makes it possible to evaluate in practice the errors arising in testing shock absorbers 
by means of this installation, 


Normally both at home and abroad [5] shock absorbers are evaluated by their maximum resisting force at var- 
ious testing conditions, It has already been shown that xp is the maximum deviation of the elastic measuring device, 
which corresponds to the maximum resisting force of the tested shock absorber. Hence, for practical purposes it is 


necessary to obtain the relation between the dynamic sagging and the actual value of force P, or the resistance coef- 
ficient k, These relations can be obtained by transforming (7) 


k= *ole — Mo*) 
oV rx 
P= Rx, (¢ — Mo") - 


V ea 2 


These formulas can be used directly for evaluating as a first approximation the resistance coefficient k and 
force P, for a given test frequency Rw, 





(13) 





It is possible to recommend for day-to-day use both in laboratories and production a special table which pro- 
vides the values of resistance coefficient k and force P, for various values of a maximum sag, Xo. 


By means of another transformation,(7),it is possible to obtain a formula for determining the actual maximum 
velocity of the shock absorber piston under test. 





Umax 








Rw 
Vey) = as 


So as to provide a better idea of the errors which arise in testing, the drop in the maximum velocity of the 
shock absorber piston with respect to the shock absorber resistance coefficient is given in Fig. 3. The installation 


has the following parameters; R= 3,8 cm, w = 10.4 sec™’, c = 180 kg-wt/cm, mass M fs neglected owing to its 
small value, 


On the basis of the above relationship it is possible to plot a nomogram for determining the actual value of 


the resisting force and the test velocity from the measurement results, The principle for plotting such a nomogram 
is shown in Fig. 4. 
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The resisting force is plotted on the vertical axis of the coordinate system, the velocity or frequency of oscil- 
lations which may occur during testing are plotted along the horizontal axis. From the origin of the coordinates 
straight lines are drawn which relate the values of P, and v with the resistance coefficients k;, kp, kg, etc., accord- 
ing to (3). 


For each possible test velocity v;, V2, Vg. . . ..curves 1, 2, 3, . . . are plotted which are bent toward the P, 
axis, thus indicating a drop in the actual velocity of the relative movement of the shock absorber piston with a 
rising resisting force. 


These curves are plotted from an equation obtained by trans- 
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é The nomogram is used in the following manner: the resisting 
Sa yj force is determined on the operation diagram from the static calibra- 
9 a 3 tion data, The value of this force, for instance Py,is then found on 
200 400 «(50 mM 1200 the nomogram and a horizontal line is drawn from it up to its inter- 
k, kg sec section with the curve corresponding to the test velocity, for instance 
M vz. The point N thus obtained in the coordinate field makes it pos- 
Fig. 3. Fall in the relative velocity of the sible to find the actual test velocity v, by dropping from point N a 
shock absorber piston for various resistance perpendicular onto the v axis,and also the value of the resisting 
coefficients used in testing on the dyna- force P, for the case when the test velocity is actually equal to vp. 


ee For the latter purpose it is necessary to draw a straight line ky 


from the origin of the coordinates through point N up to its intersec- 
tion with the vertical line passing through v,. A projection from the 






































A, Ks Kh, Ky intersection point N, onto the P, axis will provide the value of the 
hi, 7 L resisting force corresponding to velocity v2. 
J 
1 V/ “XY It should be noted that the above method provides accurate 
4, — 3 results only for a linear relationship between the resisting force and 
Pow NY ky velocity of oscillations. The greater the deviations of index i in(1) 
Pal: " from unity, the more approximate become the evaluations of par- 
h, Vy 7 ameter P, and v. 
'Y / “a However, for the quadratic relationship (i = 2), most common- 
Pn, “UA, ? ly encountered in practice, the above method is sufficiently accurate 
Y This is confirmed by comparing the hydraulic investigations data 
Y M t with test results obtained on a dynamometer test rack [6], Hence, 
0¥ Al ; V in using the nomogram when i = 2, it is necessary to remember that 
% 6 the value of Py represents an instantaneous resisting force and is de- 
Fig. 4. Schematic of a nomogram for termined by 
evaluating the results obtained in testing Py ky-¥,7, (17) 
shock absorbers on a dynamometer installa- 
tion. where k, © ky/ vy is the resistance coefficient for a square law. 


The values of P, and v in shock absorbers whose resisting force follows a square law can also be obtained by 
solving the differential equation (2), in which the excitation force should be expressed in the form 
P, = kh — x). (18) 


Such a solution, however, requires different methods from those previously used, and at the same time does 
not substantially raise the accuracy of determining P, and v as compared with the above-mentioned method. 


By means of a further analysis of the above equations it is possible to determine the limiting resisting force 
which can be recorded by the measuring element of the installation 


P 
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In practice the force should be limited to 


Pa max 2) Re. (20) 


On the basis of this value design computations can be made for the strength and fatigue of the elastic element 
in new dynamometer installations for testing shock absorbers, 


The smallest resisting force which can be measured by means of this installation is determined from the shock 
absorber’s minimum resistance coefficient k,,;. which must not be smaller than k,, the resistance coefficient which 
provides an aperiodic damping of the elastic measuring device natural oscillations. Otherwise the natural oscilla- 
tions of the measuring device will distort the recording of the operation diagram, 


It can also be shown that the greater the stroke and the smaller the frequency of oscillations for the same max- 
imum velocity, the more accurately will the operation diagram be plotted. This accuracy is also increased by rais- 
ing the stiffness of the elastic element, In the latter case, however, the recording scale must be suitable for the 
analysis of the diagram. In order to meet this requirement it is necessary to choose the ratio between the thickness 
of the line drawn on the board and the deviation of the pencil! from the neutral line not less than "/s. 


The above investigations have shown that in testing oscillation dampers of dynamometer installations,errors 
will always arise due to the inherent defect in the elastic oscillatory system which is used as a dynamometer. This 
defect consists of the discrepancy between the measurement results obtained with static and dynamic forces, The 
error due to this discrepancy rises with the vibration velocity of the force. 


Moreover, the elastic measuring system is affected to a great extent by friction, i.e., by processes involving 
the absorption or dissipation of energy. Thus, the application of an elastic system for measuring shock-absorbing 
devices is peculiar in the way that the measured variable has a detrimental effect on the measuring device, In this 


connection it appears that the greater the resistance of the shock absorber, the larger becomes the error involved in 
its measurement. 


Attempts to avoid these errors lead to conflicting effects, For instance, the raising of the elastic element 
stiffness requires an increase in the recording gear ratio, which in turn increases the effect of inertia and friction on 
the sensing elastic element in the recording mechanism, 


Moreover, the intermediate transmitting elements of the system may, by virtue of their own stiffness, cause 
additional errors, particularly evident in raising the phase shift angle of the oscillations, This effect is sometimes 
incorrectly interpreted as being due to a special elastic property of the shock absorber. 


When the same oscillation damper is tested on different installations whose elastic elements differ in their 
oscillatory parameters but whose remaining conditions are the same, it is possible to obtain discrepancies in the 
measurement results owing to the above-mentioned peculiarities. Such discrepancies occur in practice, 


The above reasoning leads to the conclusion that it is necessary to provide special dynamometer installations 
with a measuring system which could serve for reference purposes, 


At present the conditions are ripe for standardizing dynamometer methods of testing oscillation dampers, It is 


in the interests of our industry to develop uniform technical requirements for the measuring equipment intended for 
this purpose. 
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INSTRUMENT FOR EXPERIMENTAL VERIFICATION 
OF THE HYDRODYNAMIC THEORY OF LUBRICATION 
IN ROLLING 


A. A. Kut'kov 


Translated from Izmeritel'naya Tekhnika, No, 8, 
pp. 18-19, August, 1961 


For the experimental! verification of the hydrodynamic theory of lubrication in rolling, the author of this arti- 
cle has developed an instrument which provides direct measurements of the oil film thickness in working rolling 
bearings as a function of the viscosity of the lubricant, the load, the speed, etc. The basic premise for developing 
the instrument consisted in the idea that between the rolling components and the race a hydrodynamic flow is gen- 

_ erated which separates the components from the race. Hence, if the external race of the bearing is rigidly fixed 
and the bearing is loaded with a radial load, the internal race must at certain speeds change its original position 
under the effect of the lubricant flow. 


Considering that the setting of races would complicate the deciphering of the experimental results, in the 
proposed instrument the effect of this factor is eliminated by using radial-thrust bearings with an axial load. Thus, 
if two radial-thrust bearings are mounted on a shaft (see figure), their external races are rigidly fixed preventing any 
axial displacement, and a lubricant is supplied to the moving shaft, the lubricant flow thus formed will deform the 
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shaft producing in it a compression stress, By measuring the value of the deformation it is possible to determine the 
thickness and strength of the oil film. 


The mechanical part of the instrument consists of a steel shaft 1 mounted in the radial- thrust ball bearings 
under test. The external races are mounted in barrels with a close running fit, whicli makes it possible for them to 
be displaced in the axial direction up to the stops, The barrels are fixed in brackets, which in turn are fixed to the 
table by means of bolts, Shaft 1 is loaded through lever 2, stop 3 and the left-hand side bearing by means screw 
mechanism 4. Thescrew mechanism has a fine thread which, in conjunction with the lever system, provides a 
smooth loading of the shaft. When the nut is rotated through Vas of a turn (as read on a dial), stop 3 is displaced in 
an axial direction by 1 » and provides a 10 kg-wt load on the bearing. All the components of the instrument sub- 
ject to deformation as a result of the shaft loading have been provided with such dimensions, materials and heat- 
treatment as to make it possible to consider them completely rigid with respect to the shaft. The shaft is driven by 
an electric motor through a flexible coupling 5. The lubricant is supplied to the bearings through pipes 6 which are 
fixed to the lids, and the bearings are drained through holes which are closed by means of stoppers placed in the 
lower part of the lids. 
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The electrical part of the instrument comprises two bridges consisting of resistance transducers fed with an 
audiofrequency current through voltage stabilizers. The bridge readings are displayed on a loop oscilloscope MPO-2, 
which uses a current amplifier. 


In order to measure shaft compression deformations and at the same time compensate for temperature defor- 
mations which may arise in the body of the shaft during the experiment, the author of this article has developed a 
bridge circuit consisting of eight identical transducers, with two transducers connected in series in each arm, The 
operating transducers R, and Ry are glued on the shaft along its axis in order to measure its normal tension only, The 
compensation transducers R, and Rg are glued to thin steel plates 7, which are placed over the whole length of the 
shaft, and transducers Rg, Rg, Ry, Rg, Rg, and Ryo are mounted on an unloaded part of the steel table. In order to elim- 
inate the effect of random external heat flows the measuring bridge transducers R,, Re, Rg, Rg.Rg, Rg, Ry Rg, Ro, and 
Ryo are lagged by means of thermal insulators 8, Tests of the instrument's measuring system have shown that the 
bridge provides stable readings, i.e., no zero drift was observed during the whole of the testing (15 min) of the instru- 
ment under load and without lubrication. Since the time taken by the testing does not exceed ten seconds at inter- 
vals of one hour, it can be assumed that the measuring system operates with the required accuracy, 


Transducers Ry, and Ry are glued to an elastic spring 9 of coupling 5 for the purpose of determining the mo- 
ment of friction of the bearings before, during, and after lubrication, The supply and measuring leads are taken 
through a mercury connector 10, The temperature of the lubricant is measured by means of two thermometers 11. 


The rotation speed of the shaft fs controlled by a smooth variation of the motor current, and measured by means of 
a stroboscopic method, 


Tests have shown that the instrument is completely suitable for thorough experimental checking of the hydro- 
dynamic theory of lubrication in rolling bearings. 
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MEASUREMENTS OF TIME 


TRANSISTORIZED PULSE AMPLIFIER 
FOR A PRINTING CHRONOGRAPH 


E. I, Dolbak 


Translated from Izmeritel'naya Tekhnika, No. 8, 
pp. 19-20, August, 1961 


The printing chronographs type 21P made by the EChL plant are used by the time services of the Soviet Union 
in astronomical determinations of time corrections by means of transit instruments, The chronograph is designed in 
such a manner that its operation and printing on the tape is controlled by mechanical breaking and making of the 
‘input registering circuit of the chronograph, The instruments input current amounts to 25-30 ma. 


In determining corrections for clocks it is necessary to record on the chronograph tape both the instant when 
the micrometer contacts of the transit instrument break and the instant when the electric minute pulse starts in the 
clock whose correction is being determined, When the micrometer contacts are connected to the input of the chron- 
ograph they burn out rapidly, due to the large chronograph input current. The conversion of electrical pulses of the 
clock into mechanical making and breaking by means of sensitive polarized relays results in additional errors when 
recording minutes and is unstable in operation owing to the large input current of the instrument, 


The attached figure shows the schematic of a pulse amplifier which uses junction transistors and is made in 
the form of an attachment fixed to the chassis of the printing chronograph. The attachment provides a recording of 
the mechanical breaking of the transit instrument micrometer contacts and of positive electrical pulses of an am- 
plitude greater than 0.5 v. 


The contacts of the transit instrument micrometer are connected to input 2 of the circuit shown above, The 
mechanical breaking of the micrometer contacts is converted by means of the potential divider consisting of resis- 
tors R, and R, into positive voltage pulses which are fed through switch S to the amplifier input. With a suitable 
choice of the values of resistors R, and R, and voltage U}, the current through the micrometer contacts can be made 
sufficiently small, The positive pulses from the clock are fed to input 1 and transmitted through switch S to the am- 
plifier input. 


The first stage has a large input impedance and consists of a grounded collector transistor T;. The variable 
resistor Rg in the base of this transistor serves to vary the sensitivity of the amplifier. The transistor T, amplifying 
stage uses both a de and ac negative feedback. The amplified negative pulses are fed from collector T, through 
diode D, and capacitor Cs to the input of the trigger with a single stable condition consisting of transistors Ts and T,. 
The controlled trigger is required for standardizing the duration and amplitude of the input pulses. The base-emitter 
junction of the keying transistor T, is connected to the collector circuit of trigger Ty. The former transistor operates 
in ise "on-off" condition, Its load consists of a high-speed relay P, whose contacts all the voltage to the windings 
of the chart-propelling and the printing mechanism of the chronograph. 


In the initial condition Ts is conducting and T, is blocked, The base current of Ts; which forms part of the 
collector current T, is small, and the collector current is lower than the relay operating current. An incoming pulse 
blocks Ts and makes T, conducting for a time mainly determined by the time constant of RygC,. The base current of 
the keying transistor rises and its collector current reaches a value sufficiently large for a reliable operation of the 
relay. 


The variable resistance Ryg serves to control the value of the base current and, hence, the collector current of 
Tg. In order to make this current as small as possible in the “blocked” condition it is necessary to select transistors 
for the trigger which have a small initial collector current 1. Moreover, it is necessary to select a tigger operat- 
ing condition for which the collector current of T, should be as small as possible in the blocked condition. Depend- 
ing on the selected circuit parameters, the collector current of Ts; changes from 5 to 35 ma for an operating current 
of relay P varying between 8-15 ma. 
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The trigger pulse duration required for a reliable operation of the chronograph chart-propelling and printing 
mechanism depends on the adjustment of relay P and lies in the range of 50-100msec. 


The maximum gain of the amplifier is determined by the 
ratio between the input signal power and the maximum power 
o ” ut) -25y produced in the winding of relay P, and is of the order of 10°, 
A 2°95 
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Ts is fed from a separate rectifier, in order to avoid dc 
coupling between the transistor load circuit and the remaining 





- P P portion of the amplifier. The rectifier step-down transformer 
Input P an | “Gib 13 y' uses a type Sh-20 iron core 30 mm thick. The rectifiers are of 
1 -18y the bridge type and use DG-Ts24 diodes. 
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The transistorized pulse amplifier is also suitable for record- 
bu, + ing on the printing chronograph the beating of two compared fre- 
quencies, The beat frequency voltage is fed to input 1 of the am- 
plifier. From the distance between two adjacent imprints on the chronograph chart it is possible to determine the 
frequency of the beats with an accuracy up to 5 msec, The amplifier can also be used under other conditions where 
it is required to convert weak current pulses into powerful ones with a small delay time. 





I INTERNATIONAL CONGRESS OF CHEMICAL ENGINEERING, 
TECHNOLOGY, AND AUTOMATION 


On September 3 to 8, 1962, the I International Congress on Chemical Engineering, Technology and Automa- 
tion will be held in Brno (Czechoslovakia). 


The congress will be attended by eminent experts in this sphere. 
All the papers will be translated simultaneously into Russian, English and German. 


The organizational committee of the I International Congress on Chemical Engineering, Technology and 
Automation is located at the exhibition pavilion No. 1 in Brno. 
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ELECTRICAL MEASUREMENTS 


DIODE SWITCHING CIRCUITS FOR MEASURING PURPOSES 


R. R. Kharchenko and V. N. Malinovskii 


Translated from Izmeritel'naya Tekhnika, No. 8, 
pp. 21-27, August, 1961 


In automatic contro] technique there is a tendency to replace electrical contact switching circuits by contact- 
less circuits. This is due to the fact that controlled switches based on contactless elements possess several important 
advantages as compared with electromechanical switches; namely, they have a longer life, they are more reliable, 
they have a higher operating speed, a smaller size and require a smaller power for their operation. Due to these ad- 
. vantages contactless switches are beginning to be used successfully in many automatic devices, for instance, in te- 
lemetering circuits for modulating the transmitted signal, in automatic digital bridges and potentiometers for a 
stepped variation of the balancing resistances, in instruments with centralized test scanning for switching transducer 
circuits [1, 2, 3]. 


In the present work we examine the methods of computing switching circuits which use semiconductor diodes* 
and are designed for contactless connection and disconnection of resistors in a measuring circuits containing a direct 
current or voltage source. The main object of this work consists in determining the statistical errors due to switch- 
ing, which arise in the measuring circuit parameters established by means of switching. 


If the dynamic properties of the diode switching circuits are not important, the best element for its construc- 
tion consists of a silicon junction diode; therefore, such elements were used in the experimental part of this work. 
The general approach to a comparative analysis of switching circuits (static) is applicable, however, to circuits 
with other types of diode rectifiers. 


Figure 1 shows a typical volt-ampere characteristic of a silicon junction diode D-202. It is known that cur- 
rent i through a blocked diode depends but little on the value of the reversed voltage when the latter varies over 
wide limits, but it is very sensitive to changes in the temperature of the diode. Therefore, it is convenient to con- 
sider a blocked diode as a generator of a reversed current i whose value depends only on temperature (Fig. 1b). It 
is convenient to consider the diode in the conducting direction as an equivalent emf e and the diode’s dynamic 
resistance r connected in series (Fig. 1a). The values of e andr depend on the position of the operating point on 
the volt-ampere characteristic, and are determined graphically as shown in Fig. 1. It will be seen from the volt- 
ampere characteristic shown in Fig. 1 that the variations of temperature produce insignificant changes inr, but 
emf e, on the contrary, varies considerably and has a negative temperature coefficient. Figure 2 shows the relation- 
ships r = f(I) and e = ¢(I) for the silicon diode D-202 at a constant temperature. It will be seen from the graphs 
that for a sufficiently large current I through a conducting diode, small variations of this current produce small 
changes in parameters r and e. Hence, for such a condition these parameters can be considered approxima tely 
constant. 


Let us first examine a circuit for switching resistances in a supply circuit. Switching circuits of this type are 
used in digital to analogue converters based on the summation of stable currents [2]. The most typical version of 
such a converter is illustrated by the circuit in Fig. 3. The circuit consists of resistors connected in series accord- 
ing to the law R,R, 2R, 4R, ... ok-2R, The nodal points, a, b, c, etc. of this circuit are connected through con- 
tactless switches D,-D,, D3-Dy, .. . D2,-;-D,, to current sources I, for instance, cascade triode circuits operating 
as current stabilizers. The switches are controlled by triggers T which use electron tubes, The circuit has two ad- 
ditional supply sources with voltages E, and E, with the controlling voltage E,, being larger than voltage E, In the 
initial condition all the triggers T are in the 0 position. The current from source E, flows through diodes with even 
subscripts, namely D,, Dg, . . . D2, and the current generator I. The potentials at pointse,f,g, ...n of the 


* There also exist circuits which use transistors. 
**The above problem, to the best of the authors’ knowledge, is being dealt with in print for the first time. 
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circuit thus become higher than those at points a,b,c, ...m, respectively. Under this condition the diodes with 
odd subscripts, namely, D,, Ds, . . .Dgk-1, are blocked, which makes the switches nonconducting. The reversed 
currents of the latter diodes provide at the output of the circuit a voltage of 


su =iRE 2”, 
p=! 


where k is the number of switches in the circuit; i is the current through a blocked diode. 


If trigger T, is now switched to position 1 and the rest of 
the triggers remain in position 0, diode D, will become connect- 
ed (in the nonconducting direction) in parallel with current gen- 
erator I and current I' = I + i will flow through diode D;. Voltage 
AU = I'R will then appear across resistor R, but the voltage across 


= 
! 
7 
we eoae 32RF™ 














b)-)= the circuit output will differ slightly from AU: 
K 
4U = AU— (6U—iR) = IR [-+(S2)] . 
p=! 
0 § 
t= 99°C It is obvious that the second term in the square brackets repre- 
t=50% i sents the relative error introduced by the blocked switches into 


the value of the output voltage when the first switch is conduct- 

ing. The above error refers to the worst possible condition, when 
only the first switch is conducting and the output voltage is equal 
to the minimum discrete unit of the converted scale. 





In practice it is usually assumed that the permissible error 
of a digital to analogue converted should be made smaller or 
equal to half the minimum discrete unit of the scale. Let us 
adopt this condition, then we shall find the value of current I 
from the relation: 

Lg 


{3 rs) <0.5, 


p=! 











where 


. 
f>uy vr’. 
p-2 





Let us assume for an example that the number of switches (and 
hence the number of binary places) is k = 10, and the reverse 
current of a silicon diode is i= 5 - 10-* amp. With these assump- 
tions I = 100 pa. 


























In the case when all the triggers T of the circuit shown in 
Fig. 3 are in position 1, the diodes with even subscripts D,, D,... 


Fig. 3. .. + Dg, become connected in parallel with current generator I. 
All the switches are blocked and currents I' = I + i flow through 
the diodes with odd subscripts D,, Dg, .. . Da,-;. The output voltage of the circuit becomes; 


K K i 
U=IRE %-! =1RE Y-( 14-5). 
p=! p=! 
If in this example the reversed diode currents do not exceed 5 - 10-* amp, and it is required to keep the error 


due to blocked switches below half the minimum discrete unit of the scale, it is obviously necessary to satisfy the 
relation I = 100 pa. 
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The above circuit is characterized by the fact that none of its contactless switches are connected inseries with 
the switched measuring circuit resistances. Therefore, the equivalent parameters of the switching diodes e andr do 
not affect the digital to analogue converter accuracy, which is determined exclusively by the degree of stabilization 
of currents I,,1,, ...I,. All the other circuits examined below do not possess this property. In them the switches 
are connected in series with the switched measuring circuit resistances, and therefore the equivalent diode param- 
eters e andr, which control the contactless switch resistances, affect the digital to analogue converted output signal. 


Let it be required to set up resistances between points a and b by means of contactless switches in the circuit 
shown in Fig. 4. It is obvious that with a conducting switch the actual resistance in the ith branch of the circuit 
will be R'; = Ry + tg, where ry is the equivalent resistance of the switch. Let us assume that r'},, consists of two 
components, namely ft"); = tq + Ary,;, Where Ary; is the maximum value of the variation in resistance rig Of the 
“blocked” switch as compared with a certain value r,; which is constant for all the switches. Variation Ar,; is due 
to the differences in the volt-ampere characteristics of diodes, the effects of temperature on parameters e andr in 
the equivalent circuits of various diodes, variations in parameters e and r due to changes in the operating conditions 
of diodes caused by variations in the controlling voltage. The values of ryj and 4r,; can be found experimentally, 
. or calculated approximately by the method suggested below. In applying the circuit shown in Fig. 4, resistance Rj 
must be chosen with the constant component of r,4 taken into account. Normally the following relationship holds; 
thi “< Ry. Nevertheless, the switch resistance variation Aty; introduces an error 


am Mat 
i 


From the above definitions it follows that the main problem in computing switching circuits consists of deter- 
mining the values of r, and Ary. 


Let us examine two types of contactless semiconductor diode switches used for switching resistance R (sub- 
script i is omitted here and will be henceforth omitted) of the circuit shown in Fig. 4. 


The switch of the first type [3] is shown in Fig. 5. One of the diode bridge diagonals is connected to the 
switched resistance R, and the other through two resistances Rp and synchronized triggers T to the sources of the con- 
trolling voltage E.. When the triggers T are set in position 1, the diodes become conducting and the resistance of 
the bridge circuit between terminals b and c becomes very small, equivalent to a closed switch which connects re- 
sistance R to the circuit of the voltage source U. 


In this condition Fig. 5 can be represented by its equivalent circuit shown in Fig. 6. 


Controlling currents (I.,), and (I,,)},, which flow through to the top and bottom parts of the bridge, respectively, 
and whose sum can be represented by 1, = E,,/Ro if the parameters of diodes D, . . . Dy are neglected. 


Currents I, and I, flow through the right- and left-hand sides of the bridge, respectively, and can be represented 
by I= U/R, if the parameters of diodes D,; . . . Dg are neglected. The operating condition of the circuit is selected 
so that relationI <« 1, holds, i.e., the existence of current I does not change to an appreciable extent the position 
of the operating point on the volt-ampere characteristic of the diodes. Let us denote the actual diode characteris- 
tic parameters by e’p and r'p, where subscript n denotes the number of the bridge circuit branch. Let us express 
these parameters by the sum of two components, the constant and the variable components. The latter component 
must represent the deviation of the values of e’, andr’, from the mean values of components ey and r,,which are 
selected to be the same for all four diodes of the circuit. 


Then epmetAe;; eo=e+Aey etc., 
Similarlyr;=r+An; r5=r+Ar, etc. (1) 

All the quantities in these expressions can easily be found experimentally from the volt- ampere characteris- 
tic for a given batch of diodes. Moreover, the values of Ae, and Ar, must account for the dispersion of parameters 
in the series, their deviations due to changes in the controlling currents caused by feeding voltage variations, and 
their deviations due to temperature effects on the diode characteristics. 


By using the above definitions we can substitute the equivalent circuit shown in Fig. 6 by that shown in Fig. 7. 
In this circuit emfs ¢, Ae, and AUp are connected in series with resistance r in each branch of the bridge. The sum 
of the first two emfs is equal to the value of e’,, in the circuit of Fig. 6 for each branch respectively; components 
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AUp are expressed on the basis of the compensation principle by the product of the actual currents and the resistance 
Atp for each branch of the bridge. Thus: 


4U,= Ar, (fe) i |. 


The second term in the square brackets is smaller by one order than the first and can, therefore, be neglected, 
The first term can be found directly from the circuit shown in Fig. 7 by means of the current superposition principle. 


According to this principle the control current in each branch of the bridge has two components, namely, components 
I, /2 due to the voltage sources E,, and component 


ay— Se: +4 eg— he,— Ae,+ 4U,+ 4U,— AU,— 4uU, 
4r (2) 





due to the voltage sources Aen and AUp. 


Since the sum of the emfs e is equal to zero it does not provide the value of the current in circuit a, b, c,d 


















































7, — ae j i 











Fig. 4. 


Hence, 


4U,=A4r, (-~ _— a1) 


(3) 
Similarly we can obtain the expressions 
AUpwhr, (+ a a), (4) 
suyadr, (4 + al), (5) 
AU dr, (-§ + ul). (6) 


Let us express current AI in terms of the diode parameter variations Ae, and Arp. For this purpose let us insert the 
values of AU, obtained from (3), (4), (5), and (6) into (2), We shall then obtain after simple transformations 


S/= . 





(7) 
4r+ Or, + 4rg+ Ar,+ 4r, 


Now it is easy to obtain from the circuit of Fig. 7 the required constant component rn, of the switching circuit 
equivalent resistance and its variation A,,. 


We can find r, by assuming all the emfs of the type of Aen and AUp to be equal to zero, Then we shall see 
that AI = 0 and the voltage between points b and c of the circuit is represented by expression 


Uren +tle+ D+ k—N=Ir. 








From the above it follows that: 





ry Ube =r. (8) 
/ 

We can find the value of Ar, from expression AUp¢/ I, where AUp, is the voltage component between points b and 

c of the circuit shown in Fig. 7 due to the effect of Ae, and AU, type emfs only. By following round the circuit in 

Fig. 7 we obtain: 


4Up,.= 4e,— be,+ 4U,— 4U,— 4/2r. 
Let us expand this expression by means of (3), (5), and (7) 


I, 
AU», = de,— be,+ Se ae, — > 4r,— 


2 
és Ae,+ Ae,— Ae,— he, 2 Ar A ae 
4r+Ar,+A4r,+Ar, = i ha te 

hk Ar, + Ary— 4r,— Ar, 


~ 2 $7,447, ° Or, +4r, 








(2r+ 4r,+ 4r,). 


Taking into account that Ar, << r, and making a few simple transformations we obtain: 


he Ae he Be L 
4Up-= = = - = > + > a (Ar,— Ar.— Ar, + Ar,). 


In the most unfavorable case the signs of quantities Ae,, Aes, Ar,, and 
Ats can be negative. Hence, the largest voltage variation across the switch 
will be: 

4 
D> m Iden! Ie 4 
a 
[AU bel = ee +7 ee |4rnl - 


Hence, the required maximum variation of the switch resistance will assume 
the form: 











4 
som 1 
lArgl=—— = oy Lider! em © Sara. (9) 


The value of | Ar, | may become larger than the constant equivalent resist- 
ance fy of the switch as calculated from (2). This is confirmed by experi- 
mental data, The following figures provide an approximate idea of the par- 
ameter values for the switching circuit shown in Fig. 5 and consisting of 

+ silicon diodes D-202; 1,= 100 ma; I= 5 ma; e = 0,8 v; (Aen)max = 
= 0,05 v; r= 1,2 ohm; (Atp)max = 9.2 ohm. The two last parameters have 
been determined for the following conditions: a temperature range of 15- 
30°C, and control voltage variations of +10%. The values of the required 
resistances as calculated from (8) and (9) are equal, respectively to ry, = 
= 1,2 ohm, and Ar, = 22 ohm, 





Let us now refer back to Fig. 5 for an analysis of a closed switch oper- 
ating condition when triggers T are in position 0, In this condition all the 
diodes are blocked and reverse currents i, flow through them, Hence, the 
circuit of resistance R has a current flowing through it which is equal to the 
difference between the reverse currents in D, and D;, namely ip = ip~{;. 
The reverse currents of diodes Ds and D, will not flow through the circuit 
of resistance R. Currents i; and i, in silicon diodes do not exceed the value 
of 5 - 10°* amp; hence, the current i, will not exceed that value. Thus, 
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the equivalent resistance of an open switch can be represented by the expression 


U 
eg Oe ad 


where U is the external voltage in the circuit of Fig. o. 


If its value is not less than several volts (digital bridges), then Ry, will equal several hundred megohms, which 
in practice is of the order of the insulation resistance; moreover, the sign of Ry, can be either positive or negative, 
depending on the sign of the difference ,-1;. 


In conclusion let us examine yet another type of a diode (differential) switch [1] whose schematic® is shown 
in Fig. 8. The switch consists of three diodes D,, D,, and Dg, two resistances R, and R,, a source of auxiliary direct 
voltage E,, and sources of control voltages E, and E, which are switched by trigger T. 


The voltages of sources E, and Es are chosen to make the potential at point f smaller than that at point d, 
and the potential at point 0 (trigger T) higher than that at point d. 


Let us assume that trigger T is in position 1. Then all the diodes of the circuit will be conducting and will 
pass a current of Ic, and I,2 due to E, and E, and current I due toU. This condition corresponds to a closed switch, 
Let us use the preceding method of analysis and represent the switch as shown in Fig, 9. The controlling currents in 
the first approximation, when the diode parameters are neglected, can be represented by the following expression: 


i = E,. 

ce: R,’ 
The circuit operating condition is chosen so as to make I,, > I « Igg, i.e., so that current I does not affect to any 
appreciable extent the position of the operating point on the volt-ampere characteristic of the diodes, 


The actual currents I, I,, and I, which flow through diodes D,, D,, and Ds can be represented respectively in 
the following manner; 
h=k—&- 4 
= log + I; 


Tym doy 


Let us denote the actual diode characteristic parameters by e’, and r’,, where the subscript n represents the 
number of the diode in the switching circuit. The values of e'p and r*, are expressed as before by the sums of e + 
+ Ae, andr+ Arp, which have already been determined in (1) for the bridge switching circuit. Let us represent the 
circuit of Fig. 9 by its equivalent as shown in Fig. 10, Here the emfs AUp are determined by means of the compen- 
sation principle 


AU = Ory h,= Ar; (1,—1,,— 1), (11) 
AU,= Argly= Ar, (Io,+ 1) (12) 
AU,= Ar,l,= Aryl». (13) 


The additional currents Al, due to the internal sources Ae, and AU, can be neglected, since they are small 
compared with currents I, I,, and Ig. We can find the resistance rm, of a closed switch by assuming all the emfs of 
the type of Ae, and AUp to be equal to zero, The voltage between points b and c can then be expressed as 


Uve=e tr (log tl) —€—1loy—Log—N) =P (Dogg —L, +21) (14) 
If we assume that: 
- 


* The circuit for this switch was suggested by V. N. Malinovskii. 
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then Use= 2 rl, 


whence 
r= Se = 2r. (16) 


Expression (15) can easily be met by an appropriate selection of parameters R,, R,, E, and E, in the circuit of Fig. 8. 
But the above circuit possesses an interesting peculiarity. By means of a simple adjustment of resistance R, or re- 

sistance R, it is possible to slightly change the relationship (15) and make the equivalent switch resistance r, equal 

to zero, 


In fact (14) and (16) indicate that r, becomes equal to zero,providing 


es— te, + 21 =0 


1 
loge. — 1. pam 
However, this stipulation is not met in all the operating conditions. Thus, if the circuit of Fig. 4 consists of an arm 
of a digital bridge, the voltage across a and b and, hence, the current I will depend on the number of closed switches. 
It is obvious that relation (17) cannot hold for an arbitrary number of connected resistances. The value of Ar, can 
be found as before from expression AU},,/1, where AU), is the component of the voltage between points b and c of 
Fig. 10 due to voltages of the type of Ae, and AUp only. 


These emfs in branches ab and ac of the circuit provide additional current components Al, and Al,, which can 
be neglected since they are 1-2 orders lower than the controlling currents I,, and Icg. It can easily be seen that 
AUbec will then take the form of the equation 


AUp-= 4e,—he, + /(Ar,+Ar.)+ Ie, (4r1+4r)—f, , Ary. (18) 


The third term in the right-hand side of this equation can be neglected since the circuit always operates under a con- 
dition when I < Icg. Moreover, it has already been noted that the approximate relation Ic; = 2Ic¢z holds. Equation 
(18) can then be simplified to 


AUpe= Ses— Sey +e, (Br:— Ar). (19) 


Considering that Ae, and Ar, can vary,we can write for the worst case 





2 2 
AUp-= >» |de,| + les ) |4rq| . 


n=1 n=l 


Thus, the required expression for the maximum switch resistance variation 
Ar, will finally take the form 


[Arnl= 1S ca + >> lara. (20) 


Let us now deal with the circuit of Fig. 8 and examine the operating 
. condition of an open switch when trigger T is in position 0, All the diodes 
will then be blocked and reversed currents will flow through them. 














Fig. 9. 


The reverse current of diode D, does not flow through the switched re- 
sistance R, since its circuit is completed through source Es. The difference 
of the reversed currents of diodes D, and D; flows through resistance R. 


— the equivalent resistance of an open switch in the circuit of Fig. 8 is represented by the expression 


Ry = pen i,’ which is similar to expression (10) for a bridge-type switch. 
If we use the parameters given above for the bridge-type-switchexample, the value of | Ary, | for a differential 


switch as calculated from (20) will be equal to 24 ohm. However, such a large value of ty, is not characteristic of the 
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error introduced by the switch. In order to demonstrate this, let us examine in greater detail the range of application 
of (16) and (20) in a differential switch circuit. 


The value of r, = 2r represents the constant resistance of the switch consisting of diodes with identical charac- 
teristics at a fixed temperature t and fixed values of controlling currents Ic, = /, Icy. If for the same conditions of 
= const and I, = const we should take actual diode characteristics e'y and r',, which, owing to the dispersion of 
the parameters in a batch of diodes, will differ from the mean values e, r by the amounts of Ae’, and Ar'y, the con- 

stant resistance of the switch will assume a new value 


r, = Fy, + (4r,) const, (21) 


where (Ar,)const is determined from (20), since the signs of quantities Ae*, and Ae’, as well as of Ar’; and Ar", can 
differ. 


Let us now assume that conditions t = const and I, = const no longer hold, Then another value of the key re- 
sistance (Ary)yar is obtained, which must be calculated from (19), since the diode parameter additional variations 
Ae", and Ae*, as well as Ar*, and Ar*, due to the effects of temperature and controlling currents have the same signs. 


By comparing (19) and (20) it can easily be seen that (Ary)yar“~ (Atk)const- Experiments have fully con- 
firmed these conclusions, For a differential switch circuit with temperature variations in the range of + 10, . . +40°C 
and control current variations (owing to mains voltage changes) of + 10%, the variation of resistance (Ary)... is 
smaller by one order than the constant resistance component (Ary).onst, Which in our example was equal to24 ohm, 


All the above reasoning fully applies to bridge-type switch circuits, 
var 





Thus, with respect to the error A = introduced by a closed switch in the switched resistance (circuit 


shown in Fig. 4), both types of switches, the bridge and differential types, are equivalent to each other, But they dif- 
fer in other respects. 


In a bridge- type switch the actual constant resistance r'),, may amount to about 20 ohm, as has been shown in 
(9) and the cited example, In order to prevent this effect resulting in a noticeable error of the equivalent resistance 
shown in Fig. 4, it is necessary to reduce each of the switched resistors R by 
the value of r',, which is technically inconvenient. 





In a differential circuit, however, it is possible by adjusting the control- 
ling currents to establish a condition for which the relationship 2r » — 
— (Aty)const holds. Then we shall find from (21) that r', * 0. Such an ad- 
justment of the switching circuit can easily be checked by means of a mil- 
livoltmeter, which measures the voltage across the closed switch, 


This constitutes the first advantage of a differential switch as compared 
with a bridge-type switch, It is true, that it is possible to adjust the bridge 
circuit in such a manner as to make points b-c (Fig. 5) equipotential under 
the effect of the controlling voltage E,. For this purpose it is necessary to 
connect to the left-hand (or the right-hand) half of the bridge a rheostat 
with a slider at point a (or d), However, this operation leads to a consider- 
able increase in the equivalent resistance of the switch. The second advan- 
tage of the differential switch consists in the fact that it is made up of 3 
diodes and one controlling trigger, whereas a bridge-type switch is made up 
of 4 diodes and 2 controlling triggers. 
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UTILIZATION OF UNSATURATED STANDARD CELLS 
UNDER SPECIAL CONDITIONS AND IN TROPICAL 
AND ARCTIC CLIMATES 


A. K. Kolosov, L. F. Svetlakova, and E. A. Chalova 


Translated from Izmeritel'naya Tekhnika, No, 8, 
pp. 27-28, August, 1961 


The operating GOST (All-Union State Standard) 1954-55 on standard cells (reference emfs) and instruction 
176-55 for their checking completely satisfy the requirements of science and technology, providing the standard cells 
are used in the temperature interval of +10 to +40°C, 


In connection with the extended range of application of standard cells there has arisen the necessity of widen- 
_ ing their working temperature range. 


In response to the requests made by our industry the standards of electrical units laboratory of the D, I. 
Mendeleev VNIIM (All-Union Scientific Research Institute of Metrology) has investigated the possibility of extend- 
ing the range of unsaturated standard elements to 0 to +60°C, and of keeping them in a nonoperating conditions at 
temperatures as low as—40°C, 


A large number of standard cells have been tested, both of old manufacture and those being produced at the 
present time by the *Teplokontrol’* plant (L'vov). On the basis of these experiments it is possible to arrive at the 
following conclusions. 


Unsaturated standard cells containing a 12% cadmium amalgam can be used in automatic and electronic in- 
struments in the temperature range of +5 to +55°C inclusive; moreover, the deviation of the actual value of the 
emf from that determined at 20°C willnot exceed 100 pv, which meets the requirements of paragraph 4, GOST 
1954-55. 


The use of standard cells at higher temperatures is not recommended, since in such a case their emfs become 
unstable. For instance, in the temperature range of +55 to+60°C the deviations of some of the standard cell emfs 
from their value obtained at +20°C vary between +140 to—370 pv. 


The reasons for such instability of the emfs consist of the conversion into a monohydrate form of cadmium sul- 
fate crystal hydrates 3CdSO, - 8H,O; the conversion at that temperature of the diphase system of a 12% cadmium 
amalgam into a liquid single-phase system and a possible change in the cadmium modification. 


Neither is it recommended that standard cells be used at temperatures below +5°C, since at those tempera- 
tures their emf also becomes unstable, Moreover, in some of the cells it deviates from its value determined at 
20°C by +0.1 to-0.1 mv, The large deviations of the emf are due the fact that when the standard cells are cooled 
below the temperature of +4°C cadmium sulfate crystals begin to form and the cell is gradually converted from an 
unsaturated into a saturated one rapidly changing its temperature coefficient. Moreover, at temperatures below 
+4°C the diphase system of 12% cadmium amalgam may change into a solid single-phase system. 


The “general specifications for the manufacture of machines, instruments and installations supplied to coun- 
tries with a tropical climate,” approved by the Committee of Standards, Measuring Instruments, establishes nominal 
temperature ranges from 0 (minimum value) to +40°C (maximum value) for humid tropical climates, and from —10 
to +55°C for dry tropical climates, According to the Indian Standard I. S, 589-1954, the normal testing temperature 
for instruments is fixed at 27 + 5°C. 


It will be seen from the above that standard cells made at the present time are suitable for use in humid trop- 
ical climates, For dry topical climates they are only suitable for equipment which is intended for use in premises 
where the temperature does not change excessively. 


Standard cells were tested in a nonoperating condition in a cryostat whose temperature was reduced gradually 
to-40°C, The electrolyte of a nonsaturated standard cell begins to freeze at a temperature of-15°C and it becomes 
completely solid at—23°C, The mean resistance of the unsaturated standard cells at a temperature of 20°C was of 
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the order of 400 ohm; when their temperature was lowered from 5 to 0°C the resistance rose to 750 ohm. For nega- 
tive temperatures the resistance increases rapidly; thus, for—15.6°C it rises to 1250 ohm, for—23°C up to 4000 chm, 
and for —40°C up to 60,000-70,000 ohm, According to paragraph 5 of GOST 1954-55 the internal resistance of new- 
ly manufactured unsaturated standard cells must not exceed 600 ohm, 


The mean deviation of the actual emf of these standard cells from its value at 20°C decreases excessively 
(from —0.1 to—30 mv) in the temperature range of 0 to—40°C, and at-40°C the emf becomes equal to 1 v. 


It will be seen from the above that at temperatures below +5°C standard cells sharply deviate from the require- 
ments set by GOST 1954-55, 


A complete restoration of the emf value to normal proceeds very slowly during one month, This is due to the 
fact that the solid phase of cadmium sulfate crystal hydrates formed during freezing transforms very slowly into a 
liquid phase which does not contain crystals at a temperature of +4°C, 


The emf of standard cells returns to its normal value very slowly, after the cells have been subjected to a tem- 
perature of —40°C. In order to use standard cells at very low negative temperatures it is recommended that they be 


placed in thermostats which should prevent’ the freezing of the electrolyte, the dropping of their temperature below 
—15°C, 


On the basis of the latest investigations carried out by the standards of electrical units laboratory of the VNIIM, 
it is advisable to introduce amendments in GOST 1954-55 which would provide the use of unsaturated standard cells 
in the temperature range of +5 to +55°C, thus improving the standard, 


CERTAIN REMARKS ON D. KARO'S ARTICLE 
REGARDING THE NEW HIGH-PRECISION MEASURING CIRCUITS 


V. P. Karpenko 


Translated from Izmeritel’naya Tekhnika, No, 8, 
pp. 28-31, August, 1961 


In his article entitled "New High-Precision Circuits for Measuring Impedances in the Range of Audio, Radio 
and Ultrahigh Frequencies,” published in [1], D. Karo suggests several new circuits which provide measurements of 
inductive or capacitative impedances over a wide range of values at frequencies from 100 cps to 50 Mc, These 
circuits, named by him L-circuits, have been derived from a bridge circuit with differential transformers and the 
positions of the balance indicator and one bridge arm interchanged. Thus, an ordinary compensationcircuit is ob- 
tained with a mutual inductance coupling between the primary and secondary circuits (Fig. 1). 


When the circuit is balanced the voltage drop across impedance Z, is compensated by the secondary winding 
emf due to mutual induction Mg, i.e., the condition of balance is 


Ure + 1, Z, = 0. (1) 


This circuit is highly sensitive. Assuming the balance indicator resistance to be infinite, we obtain the voltage 
sensitivity of the circuit as [2] S;,= 1 [v/v] and, hence, the total sensitivity of the circuit is determined by the sen- 
sitivity of the zero indicator, i.e., Sy = sU, {mm/ v]. 


The special value of such circuits, according to the author of the article, consists in their high precision(errors 
of the order of 0.001 and 0.01%), due to the fact that the common connection of the supply source and the balance 
indicator can be grounded, thus facilitating screening and the elimination of leakage currents at high frequencies, 
Moreover, D, Karo indicates the greater universality of the circuit in measuring impedances of any type and value. 
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Hence, the application of such circuits is very attractive owing to their simplicity, high sensitivity and their 
great accuracy as claimed by D. Karo, 


Let us now examine whether in fact the above circuit possesses such universal characteristics and the possibil- 
ity of measuring any impedances by replacing Z, and Z, with various resistances. 


Let us represent the circuit in a general form (Fig. 2) and substitute mutual inductances M, and M, by voltages 
U, and U, which have random values, but are either in phase or 180° out of phase. 


From Figs. 1 and 2 it follows that Uapb = U, and Uj; = U;; hence, we obtain from (1) 
U; Zs 


0, sot peal: ; (2) 
Let us find for what specific circuit parameters this balance condition holds. 
Let us first examine a general case when both arms (Z, and Z,) consist of impedances; 


a) both of the same type (i.e., both inductive or capacitative) 


Z,=ntJ*, 
Zy=fit/ Xo. 
By inserting these expressions in (2) we obtain the values of r; and x, 
—— (Us 
“= (7 + t) To (3a) 
xa {(h + 1} (3b) 
Us; 


These expressions show that in order to obtain a balance, vectors U, and U, should be in opposite directions and 
the inequality U,; > U, should hold; 


b) of different types (one capacitative and the other inductive) 


Zi = nlx, 
Za=lstJxXo- 
By inserting these expressions into (2) we obtain the values of r, and x, 
U; ) 
r4e— | +1) ro, (4a) 
(5 
_(U: 
It will be seen from the above expressions that for such a condition the 
Z; circuit will not balance, since in order to measure the resistivity component 





r, it is necessary to have vectors U, and U, in opposite directions, whereas 
for measuring the reactive component the two vectors U, and U, should be in 
the same direction. 


Let us examine a few particular cases when some of the impedance Z, 
and Z, components are equal to zero. 











When Z, and Z, are purely resistive or reactive and of the same sign, 
i.e., when 


Z:=h, or Z=+J%, 
Za=!s 4=+J%, 


they will balance according to equations (3a) and (3b), respectively. 
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When Z, and Z, are purely reactive, but with different signs 


Z= FI, 
Z4= +jxs, 
they will balance according to equation (4b). 


When one of the arms fs purely resistive and the other purely reactive, i.e., when 
Z=", or Z,=+J%;, 
Z,= +)*;, Z3:=Ts, , 
it will be impossible to balance the circuit. 


When actual circuits are examined, i.e., when the effect of impedance Z, of the secondary winding which has 
a mutual inductance M, (Fig. 1) is taken into account, we obtain a slightly more complicated balance condition: 

! z 
My py aS AS | (5) 
M, Z; + Z,+2Z, 


By analyzing (5) and examining circuits with different types of impedances Z, and Z,, in a manner similar to 
the above, we come to the following conclusions. 


When impedances Z, and Z, are complex and of a similar type their balance equations will be: 


n=— Get yl (6a) 
M 
sist acm . 


It will be seen from these equations that the circuit will balance if the mutual inductance windings M, and My, are 
connected in opposition, Moreover, the following inequality must hold; 


M 
| M, hath, (7) 


and for inductive impedances Z, and Z, the following equality must also hold: 


M 
(- Xo > X%. (8) 


When impedances Z, and Z, are capacitative, the minimum measurable react- 
ance x, will be limited by the constant inductive reactance x,. 











zy 
When the reactances of impedances Z; and Z, have opposite signs their balance 
' equations will be 
aa. 
Z M, 
s odor _— (Go+ ) ‘aT (9a) 
. x = (H+ X_F 
U, 1= Ms; ot X,. (9b) 
When Z, is inductive and Z, is capacitative, the circuit will not balance, since 
Fig. 2 in order to measure the resistive component r, it is necessary to have the mutual in- 


ductance M, and M, windings connected in opposition, whereas in order to measure 
the reactive component x, it is necessary to have them in series- aiding. 


When Z, is capacitative and Z, is inductive the circuit will only balance if 


x%,> (3. l 
4 My )* 


which is hardly convenient for measurements, since the maximum measured reactance is limited by the value of x,, 
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and xX, must vary between 0 and x, for variations of x, between x, and 0, respectively, Thus, the circuit is only 
suitable for measuring large values of capacitance C,, which is seldom required at high frequencies. 


When impedances Z, and Z, are purely resistive or purely reactive, the circuit will not balance since it will 
then be necessary to have x,= 0 or rg = 0, respectively, which cannot be obtained in practice. 


When one of the impedances is purely resistive and the other purely 
reactive, circuits are obtained which cannot be used for measuring purposes. 








ay 
oye Thus, when Z, = r, and Z, = + jx, the balancing conditions will be 
& _ aa oe (11a) 
y __ #* 
Z = ——— i. 
M,8 7, = M, (11b) 











Fig. 3. Such a circuit cannot be balanced at all. 


For Z; = + jx, and Z,= r, the balance conditions are 


[ <7 =X, (12a) 


‘ ° 
®| 
+ 




















. ZL. {+4 panies ls ; 
| M, 2, * M 4) (12b) 
~ M, 
M, 
| te 4s Such a circuit can only be used for measuring resistance r, with a variable 
—{B p— ratio between the mutual inductances when they are connected in opposition. 
Fig. 4 The capacitative reactance x, cannot be measured at all, since x, is constant. 
On the basis of the above considerations let us examine some of the 
circuits suggested by D, Karo, 
ra " The circuit shown in Fig. 3 is intended for measuring a capacitative 
impedance, Its balance conditions are given in (9a) and (9b) and it can 
M, . only be used for measurements if it meets condition (10), It will be seen 
pe that this circuit is far from being universally applicable. 
M, The circuit shown in Fig. 4 is also intended for measuring capacitance. 
i fe \ The circuit is balanced twice, the first time without the tested impedance, 
a a —_ and the second time with impedance Z, connection. 
a 


Fig. 5. The balance conditions for this circuit with Z, disconnected are ob- 

tained from (12a) and (12b). It will be seen from the above equations that 

the circuit can only be balanced for 1/wC, = x4. By connecting Z, = ty" iXe, to the circuit, equation (12b) is not 
changed and the circuit cannot be used for measuring capacitance, since x, is constant. 


It seems to us that for measuring capacitative impedance the circuit shown in Fig. 5 is more convenient. The 
balance conditions for this circuit are: 


na—(GeH lo—T>" (13a) 

M, : 

xa—(Fit XgtX,. (13b) 
M, 


Let us now examine briefly the accuracy of the above circuits, 


In the first place the circuit balance conditions include impedance Z, of the secondary winding with mutual 
inductance M;. This impedance affects the measurement results and an accurate evaluation of this effect compli- 
cates the operation of the circuit. Moreover, the stray capacitances C*, (Fig. 6) which shunt the winding will distort 
impedance Z, in a random manner. An accurate estimation or elimination of these capacitances is impossible. Ca- 
pacitance C*,,which shunts impedance Z,,and capacitance C*,,which shunts impedance Z,,will also affect the ac- 
curacy of measurements. The effect of these capacitances is also difficult to account for or eliminate, 
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Capacitances C'', and C's may produce phase differences between the emf jwMgl;, (Fig. 1) and the voltage 
drop 1,Z; this can occur especially at high frequencies when the capacitive reactances become of the same order 
as WM». 


Even a most approximate analysis shows that the effect of the above stray capacitances on high-frequency 
measurements will produce a considerable error. 


This circuit could be used more successfully, in our opinion, for instance, for mass-production testing of mutual 
inductance coils by connecting them instead of M, and using reference coils in place of M, (with identical primary 
windings for the measured and reference coils). This measuring method can be 
made sufficiently accurate, since it is possible to eliminate the effect of all the 
stray capacitances by using the substitution technique. In this case with un- 


known impedances Z;, Z,, and Z, the mutual inductance M, can easily be cal- 
culated from 


M,=—M, K, (14) 
where K= —_ is determined from measurements with reference M, 
Zi + Z2 + Z% 
and M, 


This method is advantageous because its measurement results are not af- 
fected by the impedance of the tested coil. 











SUMMARY 


1, The circuits suggested by D, Karo deserve consideration for their simplicity and high sensitivity and can be 
used successfully for many measurements. 


2. The accuracy of measurements of these circuits does not exceed the ordinary compensation circuits, 
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METHOD FOR COMPENSATING POWER CONSUMPTION 
IN THERMAL WATTMETERS 


A. Ya. Besikovich and D. I. Zorin 


Translated from Izmeritel'naya Tekhnika, No, 8, 
pp. 31-35, August, 1961 


It is known that in order to avoid errors due to the power consumption of both electrodynamic and thermo- 
electric wattmeters when they are used for measuring power in a load, it is necessary to apply corrections whose 
calculation entails the knowledge of the wattmeter circuit current, voltage and impedances. 


The development of a wattmeter which avoid this drawback by means of a special circuit is undoubtedly of 
interest, Several thermal-wattmeter circuits which have solved this problem have been analyzed by Bader [1]. How- 
ever, Bader's condition that the two thermal converters used in the circuits must have completely identical square- 
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law volt-ampere characteristics could not be attained in practice, This explains why up to the present time there 
are no instruments which do not require corrections of their readings. 


In the circuit proposed by us it is sufficient to have converters with square-law volt-ampere characteristics 
and it is not necessary that the two characteristics should be identical. Moreover, Bader's circuits did not provide a 
higher accuracy for thermoelectric wattmeters; neither did they reduce appreciably their temperature error. Both 
these problems are solved in the instrument designed by us. 


Figure 1 shows a schematic of a thermoelectric wattme ter for measuring power in load Z, which takes a cur- 
rent I and provides a voltage drop U (their instantaneous values are equal toi and u, respectively). 


Instantaneous current i flows through wattmeter shunt r and a circuit in 
parallel with it consisting of two thermal-converter heaters with resistances of 
r'; and r’,, respectively, A multiplier resistance rg is connected with one end of 
the junction point C of the two heaters, and with the other end to load Z;, The 
heater circuit of the first converter is shunted with resistance p. The dc watt- 
meter circuit consists of two thermocoupies TC, and TC, connected in opposition 
and a moving coil meter M. 





Let us find the condition for which the difference thermal emf E of the two 
converters will be proportional to the power in load Z), i.e., to the corresponding 
values of U, I and the circuit parameters, and will not depend on the power con- 
sumption of the wattmeter, Providing the volt-ampere characteristics of the 
thermal converters follow a square law, the thermal emf can be represented in 
terms of heater currents i, and i, by the expression 





























T T 
ae | Gat— * ) Hat, (1) 


where k, and k, are the coefficients of proportionality which characterize the sensitivity of thermocouples. 


Let us express the values of currents i; and i, by means of current i, voltage u and the circuit parameters. For 


this purpose let us assume that r; = R"; + r"; and r, = r*, + r®, and solve two simultaneous equations obtained from 
Fig. 1: 








u=iy,—tlys, (2) 
ir=iyr,+ifr.+r). (3) 
Since: 
i= a1 + hw, (4) 
we find from (2) and (3) that 
ee u(r +%q)4+ir +(7, +79) 
: nm (5) 
rj 1+ " (7 +79) +7107, + 7s) 
irr + ot) urs 
ip= . e , 
r+ \ertradtridrs + ry) (6) 


By inserting the current values found from (1) we obtain 
1 


E= ‘ 
[- (1 + \irtn) +rir, tra] 





T 
1 2 
7) | hya(r tra)? + by2ullr +ry)r(ra +a) + hut, try hyn +o) + 
+h,2airrvrd + a. _ kyutr’ Jet 
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Assuming for simplicity of mathematical calculations that voltage u and current i are sinusoidal and their 
phase difference is equal to gy, we have 
Em -——" [mover b,2ULcos@lr-+rs)r (rat ra)-+ hal", + ri) — 
[-(1 ti hirtre + rylty+ ral . 





— ape (142)+ k,2UI cosorrsr{t +) ur! | 


(7) 
It will be seen from (7) that the difference thermal emf is proportional not only to the power , but to the squares 
of the current and voltage values. In order to eliminate the effect of the last two parameters on the value of E the 


following conditions must be fulfilled: 
roy Prtn) (8) 
ky 


(oa) Bet) ° 


Then expression (7) assumes the form 


and 


r 


r+, ry+Pe 





E=k, Ulcosq@, (10) 


which shows that the difference thermal-emf is proportional only to the measured power, The coefficient of propor- 
r 


1 
tionality k : depends on the sensitivity of the thermal converter k,, the value of shunt resistance r, 
ert, Igt ty : = 


the multiplying resistance rs, and the second converter heater circuit resistance fp. 





Since (10) only holds when conditions (8) and (9) are fulfilled, it is necessary 
to be able to provide and control these conditions. It is possible to obtain this auto- 
matically by means of two operations which are known as voltage and current bal- 


ancing, respectively, if resistance p and resistance r, in the first converter heater 
circuit are made variable. 








Voltage balancing, i.e., obtaining the equality of E, = E, is attained by con- 
necting the thermal wattmeter as shown in Fig. 2. This connection differs from 
Fig. 1 by the fact that the load current does not flow through the shunt, since the 
load is disconnected from point B. In this circuit shunt r and the second converter 
heater circuit which is in series with the shunt are connected in parallel with the first 
converter heater circuit. Thus, the currents I, and I, in the converter heaters will 
only depend on voltage U, across AC which is proportional to the total voltage 























Daeg ot de 





ri peal Sg 
Hence 
u? ui 
ant tn tae ae, aw eed it 
E,=hl = hy 7 : Ey=hyla = hy ran 


Voltage balancing, hence the equality of E, = E, (no reading on the meter),is attained when 


r= J * (r+), 
hs 


i.e., when condition (8) is fulfilled. Since k,,r and r, also figure in equation (10) they must not be changed in order 


641 





to keep the coefficient of proportionality constant. Hence, for any value of k, the equality E, = E, can be attained 
by varying the resistance in the first heater circuit. For this purpose variable resistor r",, shown in Fig. 2, is con- 
nected in series with the heater, 


The thermal-wattmeter current balancing is carried out by means of the circuit shown in Fig. 3. The multi- 
plying resistor rg is disconnected from point D and connected to point B. The current then passing through the heat- 
ers will not depend on the voltage applied to load Z,, but will only depend on the current flowing through the load. 
If an equality of E, > E, is attained in a manner similar to voltage balancing we shall obviously have: 


I 
hI? = k,l? and z. ™ // = (11) 


From the circuit in Fig. 3 we obtain: 


L(1+-) =1,(1 +h), 


ls 


" k lo 
arse Vf (i+), 
* Q ky vr 


which coincides with (9). For the purpose of this adjustment of the circuit, resistor p is made variable. 


or taking (11) into account we have 


However, the values of r, and k, figuring in(10) can also change with time and due to varying conditions of 
operation. In order to prevent the variations in r, affecting the instrument readings an adjustable resistor r" is pro- 
vided as shown in Fig. 3. The effect of changes in k, is eliminated by means of a special calibration method which 
consists in setting the calibration current I, and then calibrating the thermal wattmeter. 


A de calibration current I, is set by means of the circuit shown in Fig. 4. The heater of the adjusted (second) 
thermal converter is connected in series with a dc source, Current I, is set by means of variable resistor Ip. and 
measured by means of the thermaFwattmeter 0.1 ohm meter used with shunt r, and building-out resistor r,. The 
value of 1, is selected to provide a full-scale meter deflection. 


The calibration of the thermal wattmeter proper is carried out in the following manner; the meter is connect- 
ed in series with the two thermocouples (Fig. 5) (the first converter heater does not take any current, the second 
heater takes the calibration current I,), the calibration resistor r,, is adjusted to ob- 
tain a maximum reading on the meter which corresponds to its nominal current Ip. 
Since there is no current flowing through the heater of the first converter its thermal 
emf is E, = 0, and the thermal emf of the second heater is Exc = kgl*,; hence, the 
current in the thermocouple circuit is 


Ex = heal’, 
Tratticst Met, "rq t rcet Met. 




















where ryy is the resistance of the meter; r7c, and rpc are the resistances of the 
first and second thermocouples. 











Thus, by adjusting resistor r, the expression 
ky I, 
Treittrcat Met, Mt (12) 








is maintained at a constant value irrespective of variations in kp, 7c 1 and typo. 
A thermal wattmeter which has a circuit as described above is not calibrated in terms of power, but in terms 
of the calibrating current, since this current in the thermocouple circuit is equal to 
E es k, r UI cos@ 
Sratlio2t et’, Trotlro2t fypt', tls latls 








I;= 
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Having carried out the above calibrations we shall obtain: 





y ae 


l-= 
f r T+, Ty4ls 


Ulcos@. (13) 
Hence, the current in the thermocouple circuit is proportional to the measured power. We thus obtain a single- 
value determination of the coefficient of proportionality by means of resistors r, r, and tg and currents I, and I). 
Thus, the thermal wattmeter need not be calibrated in terms of power, and the correctness and accuracy of its meas- 
urements is determined by the accuracy of setting its resistors and measuring currents I, and Ip. It is obvious that if 


the instrument is designed to measure at several power factors, the calibrating cur- 
rent must be adjusted for each of them, 


A complete circuit of a multirange thermal wattmeter which is provided 
with facilities for all the required balancing and calibrations is shown in Fig, 6. 
Switches S, and S, serve to set the current and voltage ranges respectively. Switch 
Ss serves to set the circuit for the required balancing and measuring operations, In 
position 1 (measurement) the circuit shown in Fig. 1 is provided; in position 2 the 


circuit shown in Fig. 2, and in position 3 (current balancing) the circuit shown in 
Fig. 3. 


oe 





wt 


I 





The balancing is carried out by means of resistors ryt, (for current) and t,~t, 
(for voltage), 


Fig. 4. Switch S, serves to set the circuits for measurement (position 1), calibration 


(position 2), and the setting of the calibrating current (position 3), In the last two 
instances the thermocouple heaters are disconnected from their shunts and building 
out resistors and connected to the auxiliary de circuit. In position 3 the circuit 

fe . shown in Fig. 4 is obtained and in position 2 the circuit shown in Fig, 5. 


Switch Ss serves to vary the nominal power factor of the instrument by means 
4 of changing the calibration current. 





4 This thermal wattmeter can be used not only to measure power across a load, 
rs but also at the output terminals of a generator. For this purpose, it is only necessary 
{_}- to transfer the generator terminal from point A to point B (Fig. 1) and reverse the 
polarity of the meter, By providing this facility a universal wattmeter is obtained, 
7S. By using the same method as that used for analyzing the circuit in Fig. 1 we ob- 
tain the same equation (10) providing the conditions given in (8) and (9) are main- 
tained, 





e,l 





Fig. 6, 








Several thermal wattmeters have been produced in the VNIIM (All-Union Scientific Research Institute of 
Me'rc logy) according to the circuit given in Fig. 6 and provided with 7 current measuring ranges from 0,1 to10 amp, 
6 voltage measuring ranges from 5 to 200 v, and two nominal power factors of 0.2 and 1, For measuring purposes the 
instrument uses a mass-produced Soviet-made de microammeter type M95 on its 10 a range. The accuracy of the 
wattmeter readings is ascertained by checking the calibration current, the shunt and building-out resistors and the re- 
sistance of the second converter heater. 


The wattmeter was tested on a direct current by means of 2 potentiometers with separate supply circuits, The 
tests have shown that the referred error of the thermal wattmeter is equal to the error of the microammeter and does 
not exceed 1%, 


The wattmeter uses multielement thermal converters [2] which, owing to their design and method of operation, 
provide a square-law volt-ampere characteristic, If thermal converters type TVB, which are massproduced by our 
industry, are used the thermalkemf at the square-law portion of their characteristic is very small and, hence, the 
thermocouple circuit current is also small. {n order to measure it highly sensitive microammeters are required, for 
instance, photoamplifier galvanometers type F-116/2 made by the "Vibrator® plant. The use of such galvanom-' 
eters will obviously reduce the measurement accuracy, but it will extend considerably the measurement range in the 
direction of lower power, which, in many instances is very important. 
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OPERATION OF A RING DETECTOR 
WITH AN APPLIED VOLTAGE OF A DISTORTED WAVEFORM 


N. A. Pikulev 


Translated from Izmeritel’naya Tekhnika, No. 8, 
pp. 35-39, August, 1961 


Certain cases of the application of harmonic voltages to ring detectors are examined in [1-4]. In practice 
other waveforms are encountered when the voltages are supplied from special transducers, stabilizers, limiting or 
other elements which introduce nonlinear distortions. It will be shown below that sometimes it is advantageous to 
deliberately introduce distortions in order to obtain detector characteristics which enhance the stability of the meas- 
uring instrument. However, no simple and clear rules have been published for plotting graphs of detector output cur- 
rents for applied voltages of a distorted waveform. 


Formiulas have been derived in this article for plotting graphs of currents in resistive loads of ring detectors 
with arbitrary supply voltage waveforms, and certain cases of detector operation with a purely harmonic and periodic 
voltage are examined, one voltage being harmonic and the other distorted by higher harmonics. The effect of distor- 
tion on the relation between the dc component of the detector output current and the phase angle are also determined. 


The results thus obtained can be applied in designing various devices for electrical measurements of mechan- 
ical parameters (strain gauges, vibration measurements, etc.), 


General rule for plotting graphs of a ring detector output current. In measuring instruments the ring detector 
is used, as a rule, as an output element which is fed with an amplified voltage. If the voltage level is sufficiently 
high and the detector is made up of germanium diodes, the volt-ampere characteristic of each rectifier can be re- 
presented by a straight line segment radiating from the origin of the coordinates. We therefore assume the forward 
diode resistance to be R and its reverse resistance equal to ©, 
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The load impedance Ro is considered to be purely re- 
sistive, which is the case if the ring detector is connected to 
a moving coil meter or any other inertial instrument, for in- 
stance, an integrating loop oscilloscope. 


Let us analyze a ring detector circuit (Fig. 1) for various 
combinations of supply voltages with different magnitudes and 
signs. Let us stress that we shall first examine instantaneous 
(not amplitude) values of voltages and currents in the detector 
circuit. It is obvious that for two voltages u, and u, the num- 
ber of possible sign combinations is equal to 4 for [u;] > [ug], 
it is also equal to 4 for [u,} < [us). 











ee 














The total number of possible combinations amounts to8. 


By means of Kirchhoff's law we can obtain equations for 
currents i, and i, which flow through the detector circuit when 
{uy} > [u,] (Fig. 1) for each of the possible combinations. For 
instance, for a combination shown in Fig. la the equations 
have the form: 








iy (R+ Ro)—igRo=u;— tg; 
by (R+Ro)—1,Ro= a; +z. (1) 
By solving (1) and the equations obtained for the remain- 


ing combinations (Figs. 1b, 1d, 1c), with respect to current 
ip = i,-i,, which flows through load Rp we obtain, respectively: 





" + A 
) b= R+2Ry , 


2u, 
7 ren R+2R, ’ 


_ 2s (2) 
7 R+2R,z ' 


2 
4) We oR 


From these equations we can assert that 


1) if [u,] > [ug], the absolute value of the output detector current is proportional to [u,], i.e., to the voltage 
with the smaller absolute value; 


2) if voltages u, and u, are of the same polarity, current ip flows from node a to node b (Fig. 1); 
3) if the sign of one of the voltages is reversed, current ip reverses its direction and flows from b to a, 


Providing the circuit remains symmetrical, voltages u, and u, produce the same effects and, therefore, when 
({u,] < [u,], current [ip] is determined by the voltage which has the smaller absolute value, and the sign of the current 
will be determined by the combination of the voltage signs. 


This can easily be ascertained by solving the problem in the suggested manner for each of the possible com- 
binations of signs in u, and u, for [u,) < [u,). 


Without further evaluations let us write the general rule in the following form: 


2 
lie R for [u)>[u], sn a)=sn up; (3) 


oe — be {u,]>[a.], sn a,——sn ay; 


Re 








<a 
—+ for (4,)<[d3], sn a;=sn uy; 


Re (3) 


gQ=— = for [4;)<[a,), sn a=—sn u,, 


lo=- 


where sn u,2 1s the sign of u,,2, i.e., a function which has the value of +1 for u, 2 > 0, is equal to zero for u, » = 0 
and equal to —1 for uy, < 0, andR, = R+ 2Rp, 


All the above combinations of the absolute values and signs in voltages u, and u, are possible, providing the 
voltages change according to 4 random law. The function found by us to satisfy (3) for any values of u, and u, has 
the form: 


1 
= z-| usnu, +u,snu,—(u,snu,- ugenu,)on({a4)-{05) |, (4) 
e 


where [u,] and [u,] are the absolute values of the instantaneous voltages fed to the detector. 


Expression (4) is a design formula for determining the instantaneous values of currents at the output of the ring 
detector for random variations of the instantaneous voltages fed to the detector. 


It will be seen from (3) and (4) that the absolute value of the detector output current depends on the voltage 
which has the smaller absolute value. Hence, the output current will be zero if one of the voltages is equal to zero, 
We use this rule subsequently in plotting a ring detector output current graph. 


Response of the detector to purely harmonic voltages, Let us examine the first particular case of supplying the 
detector with voltages which vary according to the law 





44=Uq sin x, 
Us= Ug COS (x+q), (5) 


where u, and u, are the instantaneous values of the voltages; up; and ug, are the amplitudes of these voltages. 


Such a phase relation between voltages u, and u, exists when the detector is used as an FM signal demodulator. 


Figure 2 shows the graphs plotted according to (4). In these graphs ip is the detector output current. Let us de- 
termine the dc component of current ip as a function of amplitudes up; and ug, and of the phase shift angle ¢ of one 
of the voltages. 


For this purpose it is sufficient to evaluate the integral of current ip for half the period of one of the input 
voltages 


l= we { igdx 
2 oft . (6) 
0 
According to (4) and (5) and Fig. 2, integral (6) is equal to the difference of the shaded areas, in other words 
to the sum of the integrals of separate sections 


x, x, x 
2 
I= xR [ \ sin xdx+Ug, ( cos (x+@) dx —ug j sin xdx | ; 
e 
ag +s 





(7) 





2 los 
!o= aR { Uo [sin (x+-@) —sin (x,+@)] — dp, (cos x, +c08 x,)} = Stoo F (g). 
e aR 


Angles x; and x, are determined from condition 
4; (X%;)— a, (x); 


Uy (X4)+ 4, (x) =0. (8) 
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For the values of u, and u, from (5) we have 

te flesinx 4 N™ 

b= Fee costeeg) 4 Ne x, =marc tg —~ ‘ 
. Nace hy \% up +ca9 
| ; 
; cos @ 

*=arc tg ————. 
lo iin o~ do 
. Una 
fe WA Figure 3 shows the design graphs of the relationship 
— 

| F(9)= (el max 


- =|" (x3+)—sin (+o)— (cos x,4+cos »)| 


for the two cases: 


Se 









4 
9 A 
\ VA 
ey re ND 7~ In the first case F(y)™-sin ¢ and the detector be- 
. \ comes a linear vectormeter, {.e., a device whose output 


current is proportional to the projection of one vector a, 
onto the other a, [2, 4]. 


For Up; = Ugg the characteristic of F (¢) has a very 
a large linear section (curve 2 in Fig. 3) and the detector 
can be used as a phasemeter in the range of +90 to-90", 


: Effect of higher harmonics on the relation between 
ae the output current de component and angle g, Let us now 
Fig. 2 examine the operation of a ring detector as the output ele- 
iy ment of an instrument which measures the voltage across 
the diagonal of an ac bridge. 


>I. a =1(curves 1 and 2). 


i= fu ao Cos(x-) 








It is known that, providing the bridge consists of resistances, the ring detector will receive two voltages (one 
from the measuring diagonal of the bridge through an amplifying channel, and the other from the generator which 
feeds the bridge) which will be either in or out of phase, g = + 90° or g = —90° (see Eq, 5). 


Thus, the detector output current assumes, as will be seen from curves 1 and 2 in Fig. 3, either a negative o 
a positive value corresponding to angle + 90° and depending on the sign of the unbalance. The absolute value of 
the current should then depend on the bridge output voltage only. 


It is also known that, owing to stray capacitances in the bridge (with long supply leads), the bridge output volt- 
age is slightly displaced in phase with respect to the supply voltage and, hence, strictly speaking, ¢ * + 90°, 


If the stray capacitances are unstable (for instance, in strain gauge measurements of a moving object), the 
detector output current will depend not only on the amplitude of the output current in the bridge, but also on the 
instability of the phase difference between voltages u, and u,. If the characteristic F (¢) has the shape of curves 1 
and 2 (Fig. 3), large measurement errors will be incurred. 


It is obvious that for measuring the active component of the bridge output voltage it is advantageous to have 
the characteristic representing the relation between the dc component of the detector output current and the phase an 
angle of the shape of an open polygon ABCODEM (Fig. 3). 


With such a relationship even considerable deviations of angle ¢ from + 90° will not affect the measurement 
results, The idealized characteristic of the shape of ABCODEM corresponds to the case when the detector is fed 
with a harmonic voltage u,, whose amplitude up, ~ ©, and the other voltage u, has the form of + -shaped pulses 
with alternating signs, whose repetition frequency equals the frequency of u,, and the duration of each pulse 4 0, 
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Fig. 3. Ring detector characteristics for certain types of 
voltages u; and u, applied to it. Iy(y) is the dc com- 
ponent of the tector output current; [Ip max] is the ab- 


solute maximum value of the dc component for y =+ 90°, 
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The detector output current graph corresponding to 
three types of supply pulses is shown in Fig. 4a. The out- 
put current dc component Ip depends only on the area of 
the pulses, i.e., with a fixed and sufficiently small pulse 
width A, it only depends on their magnitude, The meas- 
uring bridge must, therefore, be fed by a pulsed voltage 
requiring a wider bandwidth in the amplifying channel 
and leading to a lower interference resistance of the de- 
vice as a whole, 


Let us now examine a simpler case of the bridge 
supply voltage distortion by adding to the fundamental 
only one third harmonic. We then obtain a relation 
{ Ip /[lo]max}(¢), which is not ideal but is more favorable 
than in the case of a sinusoidal voltage. 


Waveform distortions of voltage u, corresponding 
to the shape of the curve shown in Fig. 4b may be ob- 
tained if the bridge is fed through a transformer with a 
saturated core; by considering only the fundamental and 
third harmonic it is possible to write 


Uy = Ug, Sin x, 
Ug = Ugg COS (X +@)—tg, COS 3 (x4). 
The relationship between amplitudes ugg and ugg 


for which u, becomes equal to zero only twice per per- 
iod of voltage u, meets the condition 


d d 
~~ Fy (toe £08 (44 O)) ene, = Fe [Mos 608 3 (X+O)) 2 02,: 
oa 
Xo Q— 2 , 
from which we obtain 
a 
Ung 3 


Hence, the dc component of the detector output 
voltage should be determined for effective voltages of 


U,=Up, Sin x, 


1 
uy 2 Ugg [ cos (x+9)— 3 3 sta], (9) 


where uo, = [Ug]max- 


A simple fixing of the integration intervals, as in 
the case of (5), by setting conditions (8) is impossible in 
this instance, since x, and x, have to be obtained from 
equations in which they figure as arguments of functions 
sin’ and cos®, 


In this instance, as well as for more complex dis- 
tortions of voltages u, and u,,the following method is 
recommended for determining the dc component of the 
detector output current, 











oe 
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One of the curves, for instance that of u,, is plotted on millimetric graph paper, and the other (u) on tracing 
paper. The tracing paper is placed over the graph paper in such a manner that their X-axes coincide, Then by dis- 
placing the curve of u, along the X-axis,definite phase differences between the two voltages are set, the intersection 
points of the curves are obtained, and according to the rules given in (3) and (4) the outlines of the positive and nega- 
tive areas which have to be summed up are determined. In Figs. 2 and 4 these areas are shaded. The integration is 
made by means of a planimeter for various phase angles, 


The integration results for (9) are illustrated by curves 3, 4 and 5 in Fig. 3. 
Curve 3 corresponds to the case of tg; = 4 tpg, curve 4 to the case of tg; = 2 tpg, and curve 5 tO gy > Ugg. 


It will be seen that in the presence of a third harmonic in voltage u, a deviation of angle ¢ by +45° from its 
initial value of 90° reduces,under certain conditions, the detector output current only by 7-8% (Curve 5). If the detec- 
tor is fed with a sinusoidal voltage, the same deviation of angle ¢ produces a reduction in the current of 30% 
(curve 1) or even of 45% (curve 2). 


SUMMARY 


1, For the plotting of graphs of currents in a resistive load of a ring detector fed by arbitrary voltages given in 
an analytical or graphic form, it is recommended that formulas (3) or (4) be used, 


2. When a ring detector is used as an FM demodulator it should be fed with an ac voltage of the same ampli- 


tude, The phase characteristic of the detector will then be more linear than if one voltage has a larger amplitude 
than the other, 


3. When the ring detector is used as a phase discriminator for measuring the active component of a bridge 
output voltage (for instance, in a strain gauge equipment which has long leads to the transducers), the bridge should 
be fed from a transformer with a saturated core, or else the bridge supply voltage should be distorted by other means 


with odd harmonics in order to reduce the effect of unstable stray bridge capacitances on the accuracy of measure- 
ments, 
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HIGH AND ULTRAHIGH FREQUENCY MEASUREMENTS 


MEASUREMENT OF FREQUENCY DEVIATIONS 
IN FM OSCILLATIONS BY MEANS 
OF A FREQUENCY METER 


P, A. Shpan‘on 


Translated from Izmeritel'naya Tekhnika, No. 8, 
pp. 40-42, August, 1961 


A reference method for testing deviations developed by the KhGIMIP (Khar*kov State Institute of Measures and 
Measuring Instruments) in 1957-59 consists of heterodyning a frequency- modulated signal and measuring by means of 
a frequency counter the alternating frequency of the signal at the output of a mixer whose mean frequency approaches 
zero, 


The utilization of a frequency counter with a continuous counting over a given frequency interval which is con- 
siderably larger than the period of the modulating frequency was suggested by L. D. Bryzzhev in 1957, 


For a practical application of this method over a wide range of carrier frequencies it was necessary to examine 
the relation between the readings of the frequency counter and the measured deviation for any value of the interme- 
diate frequency, and to find the additional measurement error produced by small deviations of the modulating func- 
tion from a sinusoidal shape. 


Only a particular case when the mean intermediate frequency is equal to 0 and the modulation is sinusoidal 
has been analyzed in print [1] (a capacitative frequency meter was used in this experiment which, however, does not 
change the quantitative relations). 


The present work deals with a more general case, 


Theoretical analysis. The FM signal whose deviation is being measured is first heterodyned. It can then be 
represented in the form: 





u=U,», sin (¢ (+ > sino ), (1) 


where fig = w3¢/2n is the mean intermediate frequency; Af = Aw/ 2m is the frequency deviation; F = 2/2m is 
the modulation frequency. 


Let us find the relation of the meter readings to f,-¢and Af when fig = Af. 


The accumulation of the FM signal phase over a period of the modulating function is determined from expres- 
sion [2]: 


Tr 
v- J (af +4e@ cos Qf) dt. 
The number of full phase change periods over this interval will be 
7 
N= > ent| ae (@ +4 cos 24 dt | 
— On on if . 


The symbol ent (integer) is used because the number of times the phase passes through zero can only be ex- 
pressed by a whole number. 
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The number of zeros for a rising (or falling) function over a period T and including the first zero of the func- 
tion is equal to 





N.=1+ent 





r 
ix | (ap +40 cos 2) a} (2) 
Thus, the readings of the counter over a period of 1 sec will be 


N=F {1 tend (wif +4e@ cos 21) dt }}. (3) 


By separating the integral into three parts we obtain (see figure) 


a T-a 


N=F 1+ent Fas J ee +4 cos Qt) di + na j (@¢ +4@ cos Qt) dt+ 
a 
T 


1 
+= ) (@ jf +40 cos Qf) de }}. (4) 
T-a 
The first and third intervals are positive, and the second is negative, which corresponds to the phase accumula- 


tion in the interval < a, T-a > proceeding in the reverse direction, Since this does not affect the reading of the 
instrument, it is necessary to count the modulus of this interval. 


The solution of (4) is 
4f V Sg oe Sig 5 
isan Pasa ( (i + rr arcsin gy || (5) 


For condition Af >» F the error due to the fact that fy, * 0 will be 


fit \* fit Ar 
o-(V/-() +A wean —1 0, (5a) 


Let us now examine the limiting cases. 
1, Let f i= 0. Then the reading of the frequency counter will be N=F [ 1+emt( ia )]- 


N=F 














if Af =F, so that < 1, then N= F, i.e., the counter does not respond to modulation and its readings are 


Fr/ 2 


A 
equal to the modulating frequency. If Af >» F (the case of a slow frequency variation), then N= = , since it 
T 


is possible to neglect unity and the symbol ent with an error of X ATIF’ This corresponds to the particular case 


analyzed in [1]. 
2, Let f ise Af, then N=F [1-+<m()] i.e., the readings of the frequency counter are equal to the mean 
F It 


intermediate frequency (or deviation) for f;¢ > F, which is the same as Af > F, 
3. If fis /Of is small, then (5) can be simplified by expanding it into a series. For Af/F » 1 we have 


af 1 (Fig\* 1 (Fiey! 
N= —— 1+ — —| —} +...]. (6) 
x[2 [4 2 Fa + (7) + 
Thus, if during measurement the intermediate frequency has changed by 0.1 of the deviation value, an error 


) of 0.5% will be produced, Since the frequency drift during the measurement time is considerably smaller than the 
above value, it is possible to consider that the method is sufficiently accurate even with an unstable carrier frequency. 
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It follows from (3) that for fy >> Sf the counter reading is N= F [1+ ent (f;¢/F)]. i.e, it is equal to the 
mean FM signal frequency for f j¢ > F. 


This circumstance can be utilized for measuring “up” and “down” deviations in case of asymmetrical modula- 
tion for which, in addition to the extreme values of the instantaneous frequency, it is also necessary to measure the 
mean intermediate frequency. 


Let us now examine the effect of nonlinear distortions on the frequency counter readings. 


Let fit =OQand Af/F> 1, Let us assume that the frequency varies according to the law: 


f (O=4/, sin Qt—4F, sin (2AQt+q), 
where A is an integer. 
We assume the nonlinear distortion coefficient to be small, i.e., 2/ Af, « 1. 


; In case the modulation index is large it is possible to con- 
I sider that in each time interval dt the frequency is constant. Then 


the counter readings will correspond to the mean frequency, i.e.., 
w, aw cossat 
L, 
3 


N= +) [4f, sin Qt—Af, sin (2A2t+@)| di. (7) 





It should be remembered in integrating that the frequency 











| cannot have negative values. Hence, integration is made within 
of the limits for which the integral multiplier is positive, and the 
| result thus obtained is doubled. 

o a\ : iT-a The limits can be obtained from an approximate solution of 
/ 

axe BN equation 


Sf, sin Qt—Af, sin (2AQt+@)=0. 


Taking the above remarks into consideration, the solution of (7) for g = 1/2 with an accuracy of (Af ,/f ,)* 
amounts to: 


_ fh 


It will be seen from this expression that the counter is hardly affected by the second harmonic [the difference 
in readings with and without the second harmonic is of the order of (Af, /Af ,)*]. However, an accurate deviation 
meter would have read in this instance Af, = Sf, + Af, and Ofy, = Sf,-4 f,, i.e., the measurement error of 
the above method in the presence of the second harmonic is of the order of the nonlinear distortion coefficient for 
g= 1/2. 


For gy = 0 the frequency counter does not react to the second harmonic. 
Let the frequency vary according to the law 
Ff (N)=4/, sin t+ Af, sin (uQe+q), 
where » is an odd number. In this case the counter reading will be: 








2af, Sf, sin@ 2af, ( —pf, sin p ) 
= x Af,-+Afyt cos @ mp ~ Af, +p4/, cos @ , (8) 
For g = 0 expression (8) takes the form 
4 
af,+ 
Na o——. 
n/2 
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In this case an accurate deviation meter would have read Af yp, = 4 fan = 4f,-4 fy fo = 0, worst case]. 


Thus, the readings of a frequency counter viffer from the actual readings by not more than Af, (1-1/p). For 
g = «/2 an accurate deviation meter reads A f, but the frequency counter readings vary by (Af,/Af,)*. In this 
case the measurement error of the frequency meter does not exceed the nonlinear distortion coefficient. 


Experimental part. In order to check the absence of any systematic errors in this method it was necessary to 
make simultaneous measurements by means of this method and some other checking method. The frequency devia- 
tion 4 fy was measured with a sinusoidal frequency modulated generator calibrated at various modulation frequen- 









































TABLE 1 
5 Devia- Modulating 
: sf=Nx/2, 
“Sy kg ingsfor Sr ke tion, % we et 

2 12.8 2.1 0.5 

8 16.1 25.2 0.8 

30 19.2 90.1 0.3 

35 22.5 35.2 0.6 

0 25.6 0.2 0.6 

45 23.8 45.2 0.4 - 

50 31.9 50.2 0.4 

55 35,1 55,0 0.0 

60 38.3 60.3 0.5 

65 41.5 65.1 0.2 

70 44.8 70.4 0.5 

15 4.1 75.3 0.5 

TABLE 2 
Error, % 
f se, cps calculated from 
ifr “P the formula actual value 
1500 0,04 0.0 

8500 0.5 0.3 
10000 1.5 | 
12000 2.3 2.0 
15000 2.6 3.0 
20000 7.5 6.7 

















cies by means of Bessel function zeros with a random error not exceeding 0.5% and with a frequency counter Ché-1 
after converting the FM signal into an FM signal with an intermediate frequency approaching zero. The measure- 
ment results are given in Table 1. 


It wili be seen from the data given in Table 1 that the measurement results obtained by the two methods do 
not differ by more than 0.9%. 


In order to check the accuracy of (5) a set deviation value (55 kc) was measured at various intermediate fre- 
quencies, The measurement results are given in Table 2. 


The data shown in Table 2 confirm that the additional error in deviation measurements due to the drift in the 
intermediate frequency during the measurement is very small, 
SUMMARY 
It follows from the theoretical and experimental investigations that the error of measurement by the above 
" 
thod n oes 
me for a zero intermediate frequency and a sinusoidal modulation is equal to o(aF7F) 100%, i.e., it drops 


with a rising modulation index, The deviation of the intermediate frequency from zero has a small effect on the 
measurement results (the additional error due to this factor is of the order of ( f ;¢/Af)*]. Since the error of the 











frequency counter can normally be neglected, the only source of error for a large modulation index, in fact, consists 
of the modulating function deviation from a sinusoidal shape. For a small nonlinear distortion coefficient this error 
is of the same order as the coefficient. 
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METHOD FOR MEASURING FREQUENCY DEVIATION 


V. L. Rychka 


Translated from Izmeritel'naya Tekhnika, No, 8, 
pp. 42-46, August, 1961 


Several methods have been described [1] for measuring the frequency deviation of frequency- modulated sig- 
nals; however, their measurement errors exceed 2-5, i.e., they exceed the value specified for checking FM ultra- 
shortwave frequency deviation meters and standard signal generator modulation meters. 


The problem is complicated by the fact that it is often necessary to measure the frequency errors of a frequen- 
cy deviation meter over a wide range of modulating frequencies. For instance, the frequency characteristic of a 
modern USW FM broadcasting transmitter must be straight over a range of 30-15,000 cps with an error of + 1 db 
(+6). Even more stringent requirements are specified for measuring receivers and the means for checking them. 


These reasons led to the necessity of improving the technique of certain known methods so as to attain the re- 
quired accuracy. 


In this article we examine the method of zeros in the FM signal amplitude characteristic based on the utiliza- 
tion of the Bessel function zeros. 


In order to raise the accuracy of the readout, increase the number of readout points and eliminate other defects 
of this method,certain alterations have been introduced which are described below. 


Description of the method. The method is based on the disappearance of certain frequencies in the FM signal 
spectrum for certain values of the modulation index. This is a well-known technique and will not be described here. 
It is also known that this method has its defects, namely a relatively small number of readout points, a limiting min- 
imum value of the modulation index, its applicability only to the upper modulation frequencies, and finally, its low 
accuracy of the order of 10%, It has been pointed out in literature that the latter fact is due to its insufficiently re- 
liable readings. 





Let us first of all note that the number of readout points can be increased considerably by using Besse] function 
zeros not only of the zero order, but also of the first and second order, It is known from the theory of the FM fre- 
quency characteristics that the Bessel function of the zero order J({8) (where 6 is the modulation index) determines 
the amplitude of the center frequency oscillations, the Bessel function of the first order J(8) determines the am- 
plitude of the first sideband frequency, that of the second order J{8) the second sideband, etc. The zeros of these 
functions are interspaced for larger modulation indexes. Hence, if we observe the amplitude zeros of these oscilla- 
tions we can obtain a large number of reference points sufficient for checking various scales of the frequency devia- 
tion meters and for plotting frequency characteristics. 


For convenience of determining the actual maximum frequency deviation for various modulating frequencies 
the table shows calculation results based on the Bessel function roots of the zero, first and second order, The values 


of the maximum deviation are obtained with an error not exceeding 0.5%. If still greater accuracy is required one 
of the Bessel function tables should be used. 
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The table only provides the first few roots of the second order Bessel functions, since with a rising number of 
the root its value approaches the corresponding root of the zero order Bessel function. For the «2™e reasons there 
was no point in considering roots of Bessel function of a higher order. 


The table shows the frequency deviations for modulating frequencies of 1 to 7 kc in steps of 1 ke. When it is 
required to calculate deviations for intermediate frequencies, figures in the fourth column of the table (deviation for 
a modulating frequency of 1 kc) should be multiplied by the required frequency in kilocycles, 


Actual Frequency Deviations for Zero Values ofthe Bessel Function 











L.§ | Oscillation |Root Modulating frequency, ke 
EEE frequency |NO | » |] pgp} ap} at si} o6}7}s6)]oi]0 fa tol oa lu | ow 
© |Center i 2.4 | 4.8 | 7.2] 9.6 | 12.0] 14.4 | 16,8 | 19.2 | 21.6 | 24.0 | 26.4 | 28.8 | 312 | 33.6 
1 | First sideband 1 3.83 | 7.66) 11.6 | 15.3 | 19,1 | 23,0 | 26,8 | 30,6 | 34,5 | 38.3 | 42,1 | 46.0 | 49.8 | 53.6 | 57.5 
2 |Sec. sideband 1 5.15 | 10.8 | 15.6 | 20.6 | 25,8 | 30.9 | 36.0 | 41.2 | 46.4 | 51.5 | 56,6 | 61.8 | 67.0 | 72.1 
0 {Center 2 5.62 | 11.04] 16.6 | 22.1 | 27,6 | 33,1 | 38.6 | 44.2 | 49.7 | 55.2 | 60.7 | 66.2 | 71.8 | 77.9 
1 | First sideband 2 7.0 |14.0 | 21.0 | 28.0 | 35,0 | 42.1 | 49,1 | 56.4 | 63,1 | 70.1 | 77.1 
2 |Sec. side 2 8.42 | 16.8 | 26.3 | 33.7 | 42,1 | 50.5 | 58.9 | 67.4 | 75.8 | 84.2 
0 |Center 3 8.65 | 17.3 | 26.0 | 34.6 | 43,2 | 61.9 | 60.6 | 69.2 | 77.9 
1 | First sideband 3 110.2 | 20.4 | 30.6 | 4.8 | 51,0 | 61.2 | 71.4 | 81.6 
© |Center 4 |11.8 | 23.6 | 35.4 } 47.2 | 59,0 | 70.8 | 82.6 
1 | First sideband 4 |13.3 | 26.6 | 40.0 | 53.2 | 66,5 | 79.8 
0 |Center 5 114.9 | 29.8 | 44.7 | 59.6 | 74,6 
1 | First sideband S 116.5 |32.9 | 49.3 | 65.8 
0 ,Center 6 18.1 | 36.2 | 54.3 | 72.4 
1 First sideband 6 |19.6 |39.2 | 58.8 | 78.4 
0 |Center 7 121.2 142.4 | 63.6 






























































The table only includes modulating frequencies not less than 1 kc. The application of this method tomodul- 
ating frequencies below 1 kc is difficult, mainly owing to the fact that the side frequencies spectrum becomes very 
congested and the tuning of the receiver to a given side frequency becomes difficult owing to the instability of the 
FM generator and the local heterodyne oscillator, Even at a modulating frequency of 1 ke an especially careful 
measurement technique is required (including preheating of the measuring apparatus) in order to avoid errors in de- 
termining the number of the side frequency to which the receiver is tuned. For a modulating frequency of 1 ke and 
higher it is possible to tune to 7-8 side frequencies. The measurements are made considerably easier if the source 
of FM oscillation consists of a highly stable, for instance, crystal- quartz, generator. 





Measurement technique. For checking deviation meters 















































1 bel 2 bel 9 4 (= an FM signal is fed simultaneously to the instruments under test 
5 and a reference frequency deviation meter which locates the 
i Bessel function zeros. Such reference instruments described in 
literature consist of superheterodyne receivers with intermediate 
frequency quartz filters and an output audio indicator, 











In order to raise the accuracy of the readout and make the 
Fig. 1. 1) Audio oscillator; 2) ultra-shortwave operation more convenient,a modified circuit with an oscillo- 
generator type GSS; 3) double superheterodyne scope indicator was used, 


radio receiver; 4) low-frequency band filter; 
5) cathode-ray oscilloscope type £o-7; 6) quartz- od bieck ene sf ito oer * iinet mera 
crystal calibrator. 4 Mee: lear Xe soenient Receey ran A 
an adjustable beat oscillator used to obtain zero beats between 
the intermediate frequency and the second heterodyne, The 
beat oscillator should be tunable over a frequency range equal to at least double the maximum modulating frequency. 


Such a receiver may consist, for instance, of anultra-shortwave frequency deviation meter type 185, The 
block schematic of this instrument is shown in Fig. 1. 


The beat frequency voltage is fed from the receiver through a narrow-band low-frequency filter to the input 
of a cathode-ray oscilloscope, The filter is required to eliminate the modulating frequency and pick out the beat 














frequency voltage. For this purpose it is only necessary to have a low-pass filter with a cut-off frequency below 
1 ke and large attenuation outside the passband, However, with a narrow-band filter it is more convenient to ob- 
serve the beating on the oscilloscope screen. 


For this purpose an RC band filter, for instance, can be used. The width of the passband and flatness of its 
characteristic are not important; however, a very sharply tuned filter (with a bandwidth less than a few dozen cps) 
is not convenient for operation, since the slightest variations in the frequency of the ultra~shortwave generator, or 
that of the first and second heterodyne oscillators in the receiver produce a considerable voltage drop at the filter 
output. The filter transfer constant should not be less than 0,1, otherwise the receiver output voltage of 1-2 v would 
not be sufficient for the existing sensitivity of the oscilloscope to produce a sufficiently accurate determination of 
the Bessel function roots. 


When the modulation index attains the value of a Bessel function 
. root the oscilloscope image should appear as a horizontal line. How- 
f ever, for the same reason as the modulation index changes slightly 


Experience has shown that it is best to use mains synchronization for the oscilloscope. 
| with the mains frequency (or double that frequency), the oscilloscope 
image takes the shape shown in Fig. 2 due to the pulsations of the sup- 


f Ih ply voltage. 
{ ( At the instant the modulation index is equal to the Bessel func- 
| tion root, the amplitude of oscillations becomes equal to zero. 


The measurement technique consists of the following. Having 
switched off the generator modulation we tune in the receiver and set 
Fig. 2. the frequency of the beat oscillator so as to obtain a maximum signal 
amplitude on the oscilloscope. If a tuned filter is used we shall ob- 
tain two maxima corresponding to the tuning on either side of the zero beats, Either of these positions can be used. 
The generator modulation is then switched in and the deviation smoothly increased from zero, If the actual value 
of deviation which it is required to find corresponds to a root of the zero order Bessel function, the tuning of the beat 
frequency oscillator should not be changed, but by increasing the deviation the number of the root should be counted 
by observing the disappearance of the beat frequencies on the oscilloscope screen, 
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When, however, the deviation corresponds to a Besse] function root of the first or second order, it is advisable 
after tuning in the receiver and the beat oscillator first to set a small deviation sufficient for observing the side fre- 
quencies, but small enough not to miss any Bessel function zeros, The beat frequency oscillator is then returned in 
such a manner as to obtain a maximum output voltage for the required side frequency, and then measurements are 
carried out in the same manner as in the preceding case. 


It should be noted that the center frequency of the USW signal generator is slightly affected by increasing the 
frequency deviation; hence, it is necessary simultaneously with increasing the deviation carefully to retune the beat 
frequency oscillator. Moreover, small variations of the supply voltage, or even mechanical vibrations during the 
experiment may change eventually the frequency of the generator or the heterodyne oscillators of the receiver, thus 
requiring retuning of the beat frequency oscillator. 


The accuracy in setting a given deviation frequency is determined by the accuracy of setting the modulation 


frequency, the accuracy of observing the disappearance of beats, and the accuracy with which the corresponding 
Bessel function root is calculated. 


In order to raise the accuracy of setting the modulation frequency it is advisable to use a crystal-quartz oscil- 
lator type 596-A, Since the actual deviation is equal to the product of the modulating frequency and the modulation 
index which is the root of the function, the deviation error will equal the sum of the errors of these two quantities. 
The modulation frequency can be set with an error of 0.1%, The Bessel function root can be calculated with any ac- 
curacy, The table provides numerical values of the roots with an error not exceeding 0.5%. Hence, the error in de- 
termining the frequency deviation by means of the method shown in the block schematic (Fig. 1) is almost entirely 
determined by the error with which the disappearance of beats can be observed on the oscilloscope screen. The 
greater the amplification of the beat voltages and the higher the stability of the frequency generator and the hetero- 
dyne oscillators, the greater will be the accuracy. Experiments carried out with the equipment shown in the block 
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schematic (Fig. 1) show that, after a preliminary heating up period, it is possible to observe with certainty, for a. 
variation of the modulation frequency by 1%, the disappearance or reappearance of beat voltages up to the 7-8th 
root of any function. Hence, the total error in setting the frequency deviation by means of this method does not 
exceed 1-2%, which can be considered amply sufficient for checking frequency deviation meters at modulating fre- 
quencies above 1 kc. The errors of this method are examined in greater detail in [2]. 


Effect of nonlinear distortions. Let us now examine the effect of nonlinear distortions in the FM signal on the 
measurements of the frequency deviation by means of this method,which is based on bringing to zero certain com- 
ponents of the spectrum. 





Let the instantaneous frequency of the FM signal follow the law 


@(!) =p + 4@,sinQ¢ + dw@,sin2Q/. 
The complete phase of oscillations in time t will be: 


ft 
(t= Juictmnt—fysnetirm trent 


It is known [3] that for a simultaneous modulation with two frequencies the FM frequency spectrum contains 
the following components: 


a) the carrier frequency w» with an amplitude proportional to the product of zero order Bessel functions with 
arguments 6, and 6»; 


b) the side frequency wy + nQ with amplitudes proportional to the product of J,(8,) * Jo 62); 
c) additional side frequencies of the form WwW», + (pQ + 2 nf), 


It should be noted that if the nonlinear distortions do not exceed a few percent argument B, < 2.4 even for 


8,= 50. This means that the second factor in the above products virtually never becomes zero for modulating fre- 
quencies above 1 kc, 


For this reason small nonlinear distortions do not provide additional zeros in the side frequency component 
amplitudes with a varying modulation index. 


Nonlinear distortions cause certain errors in measuring the deviation frequency, which, however, do not exceed 
according to [2] the value of the nonlinear distortion coefficient. 


In order to evaluate this error let us examine, for instance, the case when the frequency varies according to 
the law 


Ao = dow, sinQt+ Awssin(22¢+¢@). 


For different values of the initial phase g we shall obtain an asymmetrical frequency modulation. This, it will be 
seen from Fig. 3 that if g = /2, the maximum deviation frequency in the direction of rising frequencies will equal 
A4w,-4w,, and the maximum variation in the direction of falling frequencies will equal Aw, + 4w,, Hence, the 
difference in the readout of the maximum frequency deviation is equal to 24w,. 


The above method is intended mainly for checking deviation 
e meters. Since deviation meters usually measure the peak value of the 
deviation, their error due to nonlinear distortions will also be of the 
order to nonlinear distortion coefficient. When, for instance, generator 
type GSS-17 is used, whose nonlinear distortions do not exceed 1%, the 
a, measurement error due to nonlinear distortions does not exceed 2-3. 


If generators GSS-17 or GSS-30 are used, the following most im- 
portant fact must be borne in mind, The generator inputs should be fed 
r) —t with an external modulation from an audio oscillator. However, the 
peculiarity of the generator circuits consist in the fact that during ex- 
ternal] modulation the internal source of the sinusoidal voltage is not 
switched off; hence, owing to stray couplings the external modulating 








Fig. 3, Generator frequency variations 
in the presence of nonlinear distortions. 
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signal is superposed by a small internal signal, thus considerably impeding the pope: gem We A geacha net apendh cane 
Normally it is advisable to open the generator and remove the internal audio oscillator tube. 


Similar difficulties arise when the FM signal generator has a considerable so-called FM background, i.e., a 
stray frequency modulation by means of the rectifier background, or by mains frequency pickup at the input of the 
reactance tube, This background must be at least 40 db below the nominal deviation level, which is normally easi- 
ly attainable in commercial generators GSS-17 and GSS-30, 


It has been noted above that this method is only suitable for measuring deviations with modulating frequencies 
exceeding 1-2 kc. For measuring deviations with lower modulating frequencies with the same accuracy we have de- 
veloped an appropriate method which will be described in due time. 
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DIRECT READING INSTRUMENT 
FOR MEASURING LOSS-ANGLE TANGENT 
IN CAPACITORS 


K. S. Polulyakh 


Translated from Izmeritel’naya Tekhnika, No, 8 
pp. 46-49, August, 1961 


The mass production of capacitors requires mechanization and automation for checking their parameters, 
The measurement of tg 5 normally requires instruments with wmning facilities (bridges, tuned circuits), and involves 
calculations, thus increasing the time spent on the measurements. These defects have been eliminated in instru- 
ments IPP-1, IPP-2 and IPP-3 [1, 2,3]. The analysis of the theory underlying these instruments is therefore of in- 
terest, since it will facilitate and improve the designing of similar devices. 


The simplified schematic of these instruments (Fig. 1) consists of a dc bridge made up of resistances R;, Re, 
and R,, and the dc resistance of the high-frequency oscillator tube T. When the tested capacitor C, is connected 
to the oscillator tuned circuit at terminals ab the bridge becomes unbalanced, Before connecting capacitor C,, 
capacitor Cy is set in a position corresponding to the measured capacitance C, in such a manner that the total ca- 
pacitance of the tuned circuit C;, remains constant for any value of C,. Capacitor Chas a scale indicating its 
position in measuring any value of C,. Capacitance C, must be known in advance. The instrument is designed for 
measuring tg 5 of capacitors which have already been tested for capacitance; hence, the above condition does not 
lower the operational qualities of the instrument. 


The current which flows in the bridge diagonal when the tested capacitor C, is connected is proportional to 
tg 5. This is attained by an adjustment of the diagonal resistance which corresponds to capacitance C,, and is ob- 
tained automatically since resistor Ry is ganged to capacitor Cy. 


In order to obtain proportionality between tg 6 and the current in the diagonal, the circuit parameters must 
satisfy certain conditions which will be specified below, 


Let the rotation angle y of capacitor Cy vary in the range of 0 to 1. Moreover, let the total capacitance Cy, 
of the oscillator tuned circuit be expressed by equation 























Cy=Cyq (I—Y)+Cp _ (1) 


where Cy {is the maximum value of capacitor Cy; Cp is the capacitance connected in series with the tested capacitor; 


Cxn fs the largest (nominal) value of the capacitance whose tg 5 can be measured by means of this set; 8 = Cp/Cxp; 
a = Cy/Cyp. 


Considering that the total tuned circuit capacitance C;, is constant for any values of y , we can obtain after 
tedious transformations, which have been omitted here, the following equation: 


wc, (—. _ _2min 

CO 35 sam), (2) 

a= Smin('+6)+By (l—e min) (3) 
1+fp—y (l—amjp) 





where Omin is the value of a for y = 0, 


The graph of the relationship between & and y as represented by (3) is shown in Fig. 2, with Onin equal to 
0.1 and 0.3 denoted by full and broken lines, respectively. 


For a relative variation of conductance equal to Ag/ g, current I in the bridge diagonal is equal to [4]; 


Ag 
I= a 





RR, RR, ° (4) 
Rat R; R,+R, 


where I,, is the dc component of the oscillator anode current; R is the bridge diagonal resistance; k’ rm Bisa 
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R+ 





coefficient which depends on the oscillator’s operating condition. 


Coefficient k’,, relates the oscillator anode current relative variation AIg9/1I,, to 4g/g. The value of k’ 
is determined from the load characteristic of the oscillator. For an overloaded condition,k',, approaches unity. 


Let us now express the increment of the tuned circuit conductance 4g in terms of tg 5 of the tested capacitor, 
namely tg 5 = ry wCy, where ry is a series resistance equivalent to the losses in capacitor C,. For this purpose let 


us convert the series equivalent circuit to the right of points cd (Fig. 1) into a parallel circuit (Fig. 1a). For these 
circuits the loss angles must be the same. 


For small values of 56 we have 
CyCx Ag 
Coes oo ot Ses 
°C ptCe 





ro 


Hence, 


oC, 
, 5 
r (5) 





ag=tg 6 

where 
_ (6+a)* 
. 


k 


From (3) we obtain 


§= Py Hy" 
where 


p= —PSmin_. pb U—Gnig) C—Gnin . 5, _B O— Bing 
(G+o,;)° ° (1+B)B+a,5)* (B+4,;,)? 1+)" 








By inserting (5) into (4) we obtain 








lao Ra k, @Cy 
= 7 
where 
N=R+ RR; + R,R; 


RgtR; R:+R, ° 


In order to calibrate meter M in values of tg 6 it is necessary to have a constant coefficient of tg 5 in (7) for 
any value of C,. All the parameters in the coefficient of tg 6 with the exception of kN are not affected by Cx; it 
is possible to select the circuit parameters in such a manner that the 



































rn rg product KN is independent of C,. Let us find the conditions for which 
| this holds, 
A M li 
It is easy to express the diagonal resistance R as a function of y. 
We shall then have 
N=A+B (y—y’), (8) 
where 
2 
a... +e 4 ee, (9) 
Ro+2R, RatR; R, +R, 
a i _S_ (10) 
r Ro+2R, 
Fig. 1. It is easy to discover by examining equations (6) and (8) that the 


product kN will not depend on y and will be equal to 


A 
Nk= 7 =C=const, (11) 


if the following conditions are fulfilled: 


A F 
FH; — a 
Dvir yg (12) 
By inserting the values of D, F, and H into (12) we shall find 
the condition for which the readings of meter M will be proportional 
to tg 6 for any value of C, 











B=V amin (13) 
< - (=V omin) (14) 
Va min 
Fig. 2 The above relations make it possible to express in terms of 


&min basic functions which relate to circuit parameters, thus making 
the computation of the circuit considerably easier in designing the 
instrument. 


Taking into consideration (12) and (13) we find from (6) 


k 1 
— = —, (15) 
Ro 


14 —Vemini* 
Vamin 








(y—Yy") 


where ko is the value of k for y = 0 (or y = 1). 





a 








From (1) and (15) we have 


Niko =1+ O-V ani (y—y’). | (16) 
Cc Vamin 


The graphs of relations (15) and (16) are shown in Fig. 2 for &mjn = 0.1 (full line) and for Opin = 0.3 (dotted 
line). 


From (2) and (13) we find 


| C,= V @nincxm 


Taking into consideration (13) we can simplify expression (2) in the following manner 
1i—Va min 
1+V¥a min 

Taking into consideration (13) and assuming in(1) that y = 1 and a = 1, we find 





Cr=Cp 





Cu=Cy — (17) 
1+V Omin 
Equation (7) can be reduced to a more convenient form for practical application if the values of k and N ob- 


tained from (6) and (8) respectively for any value of y , for instance y = 1, are inserted and relations (13) and (17) 
are utilized: 


I=tg 88), Qlaq Rg ———-an— va : (18) 
AU+Y Gin) 


where Q= wCy/g is the Q-factor of the oscillator tuned circuit. 
The above analysis makes it possible to pass certain remarks on a rational method for designing this instrument. 


At present relationship (14) is obtained by selecting an appropriate value for resistor Rg. It will be seen from 
(9) and (10) that Rg affects both A and B, thus making its selection difficult. It seems preferable to make Rg = Oand 
assuming the value of Rp obtain a certain value for B. Then, by connecting a re- 


: “nip —— | sistance into the diagonal in series with R,,, a value for A can be obtained, which 
; a satisfies relation (14). 
aA 








/ The circuit parameters should be chosen in such a way that the adjustment 
as of the sensitivity of meter M and the bridge balancing should not affect the value 
of A during testing. 











as It will be seen from the graph in Fig. 2 that a reduction in the capacitance 
| measuring range, i.e., an increase in Opin = Cy min/Cpy leads to a reduction 
| a2 of the effect of y on k/k». Hence, it will be less important to compensate the 
t readings by means of Ro. This will lead to a reduction in the compensation error, 
0 “Ua mtn thus increasing the accuracy of measurement. The minimum value for k/ kg* 
| Fig. 3, Kmin/ ke occurs when y = 0,5, we shall then have according to (15): 


























) A mip _ 
Ro 


+ gaat 
= 
140,95 CY mia? 


) @min 
The above relationship is shown in Fig. 3 from which it will be seen that with a rising &p jp the value of 


Kmin/ Ko approaches unity. It is possible that in certain instances it is advisable to increase Grpjp in order to raise 
the accuracy of measurements. 
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LIQUID AND GAS FLOW MEASUREMENTS 


GRAPHIC METHODS FOR COMPUTING CERTAIN PARAMETERS 
OF FLOWMETERS WITH NORMAL DIAPHRAGMS 


R. Z. Alimov 


Translated from Izmeritel'naya Tekhnika, No. 8, 
pp. 49-53, August, 1961 


Graphic methods of computing certain flowmeter parameters can save a considerable amount of time and 
simplify calculations and checking, These methods are especially valuable for preliminary tentative evaluation of 
the basic parameters, whose determination often entails fairly complicated calculations, 


This paper aims at describing two graphical methods which are used in practice, but are little known to wide 
circles of experts. 


The first method consists of the following.* 
The equation for differential manometer flowmeters operating with normal diaphragms is [2], 


G =0.01252eamD*y/ Apy. (1) 
and can be written in the form: 
G L "Is 
vas tales: memematiio d 4 (2) 


In a logarithmic form expression (2) becomes; 


0.5iog—--+ogG/e—log 0.01252amD* +0. 5iogAp. (3) 
Equation (3) makes it possible to plot a nomogram (Fig. 1) in the following manner, 


The logarithms of terms in the left-hand side of equation (3), i.e., 0.5 log 1/y and log G/e are plotted on 
scales below the nomogram. By means of these scales, which are placed one after the other in a straight line and 
appropriately numbered, it is easy to determine the sum of the above terms, that is the left-hand side of equation(3). 


The values of x = log 0.01252 amD* are plotted along the horizontal axis of the right-hand side of the nom- 
ogram, and values of d in millimeters are plotted along the vertical axis. Curves relating d to x are plotted for 
definite constant values of D in the range of 100 to 1000 mm in steps of 50 or 100 mm, It will be seen from the 
nomogram that these curves are completely identical and only differ by a parallel displacement, The beginning 
and end of each curve are numbered with the value of D in mm. 


The values of '/, log 4 p are plotted along the horizontal axis of the left-hand side of the nomogram, Thus, 
by means of the last two graphs it is possible to determine the value of the right-hand side of equation (3) and of 
each of its terms separately. 


The scale of the flow or G/eé has three ranges, the upper, middle and lower ranges, Numerical values of d 
and D are only indicated in the nomogram for the middle range. When the G/e values referring to the upper range 
are used, the values of d and D indicated in the graphs should be multiplied by 10, and when the lower range is used 
they should be divided by 10. The values of y , V and p are effective for all the flow-measuring ranges. This cir- 
cumstance is due to the quadratic relationship of G to d and D, 


Single parameters are determined by means of the nomogram in the following manner. 


* A detailed description of this method is given in [1). 
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Fig, 1. Nomogram for tentative computations of diaphragms. 


For determining d the left end of a transparent paper strip is placed against the given value of y or V, and on 
the right-hand side the strip is marked in the placed corresponding to the given value of G/e (assuming that e = 1). 
Thus the sum of 0.5 log 1/y + log G/e is marked off on the strip. The left end of the strip is then placed against 
the given value of 4p, and in this position the strip is moved upwards parallel to the horizontal axis until the right- 
hand mark intersects the curve with the given diameter D. The point of intersection with the vertical axis will then 
indicate the required value of d. It can easily be ascertained that for this value of d the sum */; log 1/y + logG/e 
becomes equal to */, log Ap + log x, i.e., the graphically determined value of d satisfies Eq. (1) for given values of 
flow G, specific gravity of the measured medium 7, internal diameter of pipeline D, and the difference of pressures 
in the constricting device Mp, By determining the value of ¢ in the normal manner this computation can be made 
more accurate, 


er ie 


AS RI 


In a similar manner the value of G/e can be determined for given values of Ap, d, D and y. For this purpose 
the left end of the paper strip should be placed against the given value of Ap, the strip located horizontally at the 
level of the given value of d, and a mark should be made at the point of intersection of the strip with the curve of 
the given value of D. Thus, a length equal to */, log Ap + log x will be marked off on the strip. It has been shown 
that this length is equal to the sum of 1/, log 1/y + log G/e. If the left end of the strip is now placed against the 
given value of y on the lower scale, the mark on the strip will indicate on the flow seale the value of G/e. 


There is no difficulty in finding the values of Sp or -D from given values of the remaining parameters, 


In the second method the graph shown in Fig, 2 is used, which consists of a nomogram for determining the up- 
per limit in the pressure difference of differential manometers, and the loss of pressure in the constricting device with 
respect to parameter C=@m- YAp. By means of this nomogram it becomes possible to evaluate the flowmeter basic 
parameters for a limited pressure difference in the constricting device.® 


The nomogram is plotted from the flow equation and the relation between the loss of pressure P, and m which 
is graphically shown in Fig. 3 [2]. The value (ma ¢Ap) denoted by C and consisting of the product of three param- 


*In the examples only those physical parameters are given which are required for computations by means of nomo- 
grams. 


664 








th 








P,, kg-wt/cm?2 


34 


c 
0 20 340 60MM 
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ters, namely m, @, VAp is plotted along the horizontal axis of the nomogram on logarithmic paper, and the loss of 
yr in the o constricting device Pp in kg-wt/cm’ is plotted along the vertical axis, The nomogram contains 
curves representing the relation of Pp to C for constant values of the differential manometer pressure differences 
hegmax. 4p and m appropriately marked on the nomogram. 


Depending on the units used for measuring the flow the value of C is determined from one of the following 
relations: 





c-_ Wy. (4) 
0.01252D2 
on G 
" 0.01252" (5) 
Ce Qn V pT K 
0.2108D? yp” (6) 


The technique of using the nomogram is very simple and does not require additional explanations. 


The nomogram also provides the value of the loss of pressure in the constricting device in kg-wt /cm’ for 
known values of m_ and hg max oF 4p. 


The range of application of this nomogram can be extended by adding to it similar curves for the computation 
of normal nozzles and Venturi tubes. 


In our opinion the nomogram shown in Fig. 1 is considerably easier to visualize and simpler in use than the 
nomograms for tentative computation of normal diaphragms recommended by regulations 27-54 [2]. 


We provide below examples of computations by means of nomograms, 


Example 1, It is given that the measured medium is water, the surplus pressure of the medium is Py = 4 kg- 
wt/cm®, the temperature of the medium is t = 70°C, the internal diameter of the pipeline is Dzy = 420 mm. It is 
required to determine the diaphragm hole diameter d in millimeters for Gmjax = 600 ton/hr.* 


The specific gravity of the liquid under operating conditions is y = 978 kg-wt / m’*, We take a round figure 
for the flow equal to the nearest larger standard value, i.e., G; max = 630 ton/hr = 630,000 kg-wt/hr. From (5) we 
calculate the value of 





C= (am V dp )= as ae =~ ae V3 aa 
0.01252D55)V y 0.01252-420 V 978 


From the nomogram (Fig. 2) it is possible to find for m * 0,2 and the calculated value of C the value of 
heo max = 630 mm Hg, which corresponds to Ap = 7900 kg-wt /m?. 


The left-hand end of the transparent paper strip is then set on the specific gravity scale (Fig. 1) to the appro- 
priate value, i.e, in this case to 978 kg-wt/m*, On the right-hand side of the strip we make a mark corresponding 
to 630,000 kg-wt/ hr taken from the flow scale. It should be borne in mind that the above point falls on the con- 
tinuation of the scale placed on a line below the main scale. Therefore, we have to measure out the entire length 
of the top scale and add to it the part of the bottom scale measured from left to right up to the mark 6.3 * 10°, 
Having placed the left edge of the strip against 7.9 ° 10° on the Ap scale, we move the strip upwards paralle] to the 
horizontal axis until its right-hand mark coincides with the curve of the given diameter Dy, ~ 400 mm. The point 
of intersection of the strip with the d-axis provides the value of the diaphragm hole diameterd= 173 mm, _ The 
value of d determined analytically equals 172.7 mm. 


By using the nomogram in Fig. 2 it is possible to determine m and establish the value of the loss of pressure 
in the constricting device. For this purpose we find on the horizontal axis a division corresponding to C = 9,2, From 














eg 








this point we raise a perpendicular up to the curve representing the adopted pressure difference hgp mx = 630 mmHg. 
It will be seen from the nomogram that the required value of m is between 0.1 and 0.2, By interpolation it is pos- 
sible to determine its value more accurately as 0,17. Along the vertical axis we determine the value of the loss of 
pressure Pp = 0.73 kg-wt/cm?, 


Example 2, The medium is natural gas consisting by weight of 61% methane, 10% ethane, %o propane, 
19% nitrogen, 1% butane, and other gases; the temperature of the medium is t= 5°C or T = 273 + 5 = 278°K; the 
excess pressure of the medium is Py = 2 kg-wt/ cm’; the maximum flow is Qn max = 1600 nm®/ hr; the internal diam- 
eter of the pipeline is Dx3,5= 104 mm, Thepermissible loss of pressure is Pop = 0,2 kg-wt/ cm’, 


The specific gravity of the dry mixture of gases of the above composition under normal conditions and cal- 
culated by the generally accepted method is equal to y, = 0.953 kg-wt/ m’, The total pressure of the gas mixture 
(medium) will be: P = Py + P), = 2+ 1.033 kg-wt/ cm’, The coefficient of compressibility of the mixture is K= 0,99, 


The gas flow, whose maximum value coincides with a standard 
Sy value, is given in volumetric units. Hence we determine the auxiliary 






































value C from (6), i.e. 
C=( am/ip)- _2ns max V Yy7K_ V vn 7K 
8 0.2108D// p 
_ 1600V 0.953.278.0.99 
“] 0.2108. 1042) 3.033 
By moving vertically up from point C = 6.52 we obtain on the 

40 nomogram (Fig. 2) the possible value of hg max. In doing so we come 

across the following points: hg» max = 250 mm Hg and Pp = 0,29, 

heo max = 160 mm Hg and Py= 0.17, The larger value of Hy9 max 
0 3 ms al raises the accuracy of measurements, but involves a value of P,, which 


exceeds considerably the permissible value of P= 0.2 kg-wt/cm?, 
Fig. 3. Relation between the loss of pres- Hence we select the lower value of hyp max = 160 mm Hg, which cor- 
sure in a constricting device and m. responds to P,, = 0.17 kg-wt/ cm’, 


In order to determine d from the nomogram of Fig, 1 it is first 
necessary to calculate the gravimetric flow Gmax = QnY pn = 1600 - 0.953 = 1525 kg-wt/ hr, the pressure differences 
Ap in kg-wt m’, i.e., Ap = 0,001 hgoy 99 = 2170 kg-wt/m’ and the specific gravity of gas under operating conditions 
Y = ¥n(P/T)-1,/ Pp)= 2.97 kg-wt/ m*, For the first approximation we assume that € = 1. 


By using the nomogram in this manner we find that d is smaller than 100 mm, Hence we use the lower scale 
for the flow and divide by 10 the corresponding value of d obtained from the vertical scale. We then place the 
right-hand end of the strip against line D of a value 10 times greater than the given figure. For the above case we 
find that d = 49 mm. 


Having determined by the normal method the correcting factor for the expansion of the measured medium € 
[2] which is equal to 0.99, we find a new value of G/e = 1540 kg-wt/ hr, By means of this figure we determine 
more precisely the value of d which is d= 49.5 mm, 


Example 3, The measured medium consists of the dry part of moist air; the maximum flow is Q, my = 
= 12,000 nm’/ hr; absolute air pressure is P = 7,033 kg-wt/cm?; the temperature of the medium is t= 55°C or T= 
= 328°K; air humidity is y = 0.5; the permissible loss of pressure in the constricting-device is Ppp = 0.2 kg-wt/ cm’; 
the internal diameter of the pipeline is Dy) = 260 mm. 


The specific gravity of moist air calculated by the normal method is, under norma! conditions, equal to 
= 7,29 kg-wt/ m*, 


? For the maximum flow we take a round figure equal to the nearest higher standard flow of Qy 5 max = 1425 * 
* 10° nm*/ hr, 
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The auxiliary quantity for humid air is determined, considering that e« = 1, from: 


12500V 7.29-1.033-328. | 
0.01252-260%(7 .033—0.5-0. 161)273 








==6.61. 


co(amVip )= Sarma. ——h__ . K 


0.01252D% P—oh, max 


We find from the nomogram in Fig. 2 that for the above value of C the most suitable values of other param- 
eters are: Hyp 4, = 160 mm Hg for which m= 0.23 and Py = 0.17 kg-wt/ cm’; moreover, the last quantity does not 
exceed the maximum permissible value of the pressure loss in the constricting device Pap max Which is determined 
from the relationship 


2 
Pap max “Pap t= Max _ of am) = 0.22 kg-wt/em? 


Q*n max 


The next higher value of hyp max = 250 mm Hg cannot be taken, since it corresponds to P,, = 0.28 kg-wt/ cm’, 
which exceeds Ppp max, thus failing to satisfy the given conditions. 


In order to find the value of d from the nomogram in Fig. 1, we have to determine the numetical value of the 
pressure difference and the volumetric flow of air: 


Ap =0.001hy¥’2o=0.001 . 160. 13546 —-2170kg-wt/ m?* 


. po PY came 
Goan =0.01252eamD20V Apy =0.01252eCD20V y =Qnsmax Vp, =12500-1.205 15100kg-w/hr(e =1)- 


By assuming that ¢ = 1 we determine from the nomogram in Fig, 1 that d= 125 mm, 
By means of normal calculations we find a more exact value of € = 0,994, Since the value of € thus obtained 
differs very little from unity and the computation is only tentative we adopt the first approximation. 
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ELECTROMAGNETIC FLOW METER WITH ERRORS 
NOT EXCEEDING 0.5% OF THE FULL-SCALE DEFLECTION 


L. M. Korsunskii and E. M, Madikyan 


Translated from Izmeritel'naya Tekhnika, No. 8, 
pp. 53-55, August, 1961 


The Khar'kov State Institute of Measures and Measuring Instruments has developed and produced an experi- 
mental model of an electromagnetic flowmeter with a top measuring limit of 500 m’/ hr, whose measuring error 
does not exceed 0.5% of its full-scale deflection. 


The flowmeter consists of a transducer which generates an emf produced by the movement of the liquid in a 
magnetic field, and of a secondary measuring instrument. 
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The schematic of the transducer is shown in Fig. 1. Poles 1 of the electromagnet fed by a mains frequency 
current enclose a plexiglas chamber 2 with a rectangular channel! passing through it. Two copper electrodes 3 are 
mounted inside the channel flush with its walls. The cross section area of the channel is 70 X 220 mm. The cham- 


ber is connected to the pipeline by means of junction pipes which provide a smooth contraction and expansion of the 
flow. 


The electromagnet core and pole pieces are made of mixed transformer steel, A battery of capacitors which 
is connected in paralle] with the magnet windings and tuned to the resonance frequency greatly reduces the current 
consumption. The power consumption of the instrument does not exceed 400 va. 








Fig. 2. 


The chamber of the instrument is carefully screened in order to protect it from interference from extraneous 
electromagnetic fields, The interference level does not exceed 5 pv. A flow of 500 m?/ hr requires an output 
transducer voltage of 12 mv; hence, the ratio of the effective signal to interference is of the order to 2500, 


The schematic of the secondary instrument is similar to that previously described [1], but it differs in certain 
details. The output voltage of the transistor is compensated by a voltage obtained from slide wire 3 (Fig. 2) where 
1 is the chamber of the instrument and 2 its electrodes, The slide wire is fed from a special coil 4, placed on the 
joke of the instrument magnet, This prevents the variations of the magnetic field strength having any substantial 
effect on the instrument readings. In the previously described instrument the coil was placed in the gap of the elec- 
tromagnet which led to considerable distortions of the magnetic field and additional errors, 


The slide wire is fed through a special phase shift device 5. The difference voltage is amplified by a 7-tube 
RC coupled amplifier 6, which operates a reversible motor 7. The input impedance of the amplifier ts of the order 
of 3 meg,which makes it possible to measure the flow of liquids whose resistivity does not exceed 10°-10° ohm - cm. 


It is known that one source of interference in electromagnetic flowmeters consists of the instrument's alternat- 
ing magnetic field which induces in the measuring circuit a voltage not connected with the movement of the liquid. 
This voltage is shifted by 90° with respect to the signal. The reversible motor which balances the circuit is also used 
as a phase-sensitive element. Owing to this phase-sensitive element the secondary instrument does not react to the 
interference produced by the transducer’s magnetic field, However, this interference overloads the amplifier, thus 
raising its threshold of sensitivity and making it necessary to use a rough form of compensation, Both the amplitude 
and phase must be compensated. With an inaccurate phase compensation a compensated voltage component will 
arise in the measuring circuit in phase with the measured signal and will be likely to produce considerable errors. 
The previously described tube compensator is sufficiently stable. Coil 8, consisting of several turns and capable of 
rotating about an axis perpendicular to the magnetic field,is connected in series with one electrode and is used for 
compensation purposes, The amplitude of the emf induced in the coil depends on its angle of rotation with respect 
to the magnetic field, and the phase of the emf is always displaced by + 90° with respect to the signal. 


In order to obtain stable phase relationships the excitation winding of the reversible motor and the anode cir- 
cuits of the last amplifier stage are fed respectively from special windings 9 and 10, which are placed on the yoke 
of the electromagnet. 





The kinematic circuits of normal electrode potentiometers are very complicated and produce additional 
errors, In this instrument the kinematic circuit has been greatly simplified. The casing of the slide wire and the re- 
versible motor are fixed to a metallic plate which serves as a base for the instrument. The slide wire contact and 
the pointer are mounted on the same axis and firmly fixed with respect to each other. In order to reduce friction 
and strain the axle is mounted on ball bearings. The slide wire is protected from external pickups by means of a 
screen which also carries the scale of the instrument. The motor drives the slide wire axle through a gear transmis- 
sion, Due to the rigid connection between the slide wire runner and the pointer, the secondary instrument kinematic 
circuit does not produce any additional errors. 


















































——— 

bt wa — 

S& a — 

§ °——H 0 — 300 700 500 
~ “s. Inst readings in 

: 42 oe 

6) 





Fig. 3. 


In order to find the systematic errors due to manufacturing defects 
in the slide wire, its resistance was measured at various points of the scale. 
From these measurements corrections were obtained (Fig. 3) for the scale 
of the instrument. 


The experimental model of the electromagnetic flowmeter was 
tested on a volumetric test equipment with a water measuring tank of 
27 cm® capacity. The layout of the equipment is shown in Fig. 4. Pump 2 
draws the water from supply tank 1 and pumps it through the pipeline to the 
electromagnetic flowmeter 3, From the instrument the liquid discharges 
into measuring tank 5. A special switching device controls the flow of the 
Fig. 4. liquid into the tank, Lever 4 of the switching device automatically con- 
nects and disconnects a stopwatch, The errors in estimating the time in- 
terval do not exceed 0,1-0,.2 sec, 














The measuring tank of the equipment was calibrated by means of a reference container which was certified 
with an error of 0,05%, 


The accuracy of the electromagnetic flowmeter was evaluated by means of repeated measurements, At each 
measured point of the scale, three series of 7 measurements each were carried out, Each series was conducted on dif- 
ferent days with intervals of 30-50 min between measurements. 


The dispersion of readings in the mean of the three measured series is characterized by a mean square error 
of o = 0,4-0.5 m* / hr, which is 0,08-0,1% of the full-scale deflection. 


If it is assumed that the maximum random error does not exceed 3 o, the possible errors of the instrumentcan 
be evaluated as 


b= | 50) + 30, 
where 5, is the systematic error. 


The systematic error is due in the main to inaccuracies in the manufacture of the slide wire and does not ex- 
ceed 0.25% of the full-scale deflection. Thus, 5 will not exceed 0.5% of the full-scale deflection. 


In testing this instrument more than 180 measurements were made, and not a single measurement had an error 
exceeding 0.4% of the full-scale deflection, even without the application of corrections. 


During measurements the electromagnet supply voltage was varied between 200-220 v without producing any 
noticeable effect on the instrument readings. 


LITERATURE CITED 
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MATERIAL RECEIVED BY THE EDITORIAL BOARD 


EXPERIENCE OF THE WORK OF THE GKL 
(STATE INSPECTION LABORATORIES) 
TECHNICAL COUNCIL AND ITS SECTIONS* 


Translated from Izmeritel’naya Tekhnika, No. 8, 
pp. 55 58, August, 1961 


B. N. Vorontsov 


The constantly rising requirements for improving the quality of production and lowering its cost face the 
GKLs with increasing responsibility for improving testing and inspection work, introducing the latest measuring 
equipment including continuous automatic testing, and improving their administrative and technical supervision of 
the activity of factory test laboratories. 


The solution of these problems has been greatly assisted by the technical council which was organized by the 
Gor’kii GKL and included the most qualified workers of the inspection laboratory, The statutes of the council pro- 
vide that members of factory test laboratories, the personnel of higher educational institutions, scientific research 
and design institutes, design offices and Sovnarkhoz (council of national economy) experts should take part in this 
work, 


The main tasks of the technical councils consist of: 


a) dealing with future plans for the development of laboratories and working out measures for their impleme 
tation; 


b) dealing with the problem of introducing new measuring equipment and means of automatic control, and 
assisting the assimilation of this equipment at the plants and organizations of the Gor’kii economic area; 


c) improving the supervision of plants and organizations which produce measuring equipment and checking 
the performance of newly produced measuring devices; 


d) making suggestions to the Committee of Standards, Measures and Measuring Instruments on establishing 


standards for technical conditions in the production of various articles, and suggestions for amendments and additions 
to existing standards; 


e) dealing with the normalization and unification of the production in basic and auxiliary industries, as well 
as introducing standards and norms at the plants of the economic area; 


f) dealing with the most important rationalization suggestions for the improvement of measuring equipment 
and the perfection of the laboratory test equipment, as well as assisting the innovators and inventors in setting out 
their suggestions; 


g) studying, unifying, spreading and helping to assimilate the experience of innovators in measurement tech- 
niques; 


h) studying and preparing reports and conclusions on draft intructions and regulations of the Committee, as 
well as proposals made to the Committee for changing existing instructions and regulations; 


i) improving the organization, planning and carrying out of inspection and checking; 
j) the preparation and holding of seminars and technical conferences on the exchange of experience; 


k) implementing the measures and recommendations approved by the technical council through existing sec- 
tions of the Sovnarkhoz technical and economic council with the participation of representatives from the plants 
(heads of the measuring equipment service inspection agencies). 


* The Editorial Board has received articles by B. N. Vorontsov and B, L, Sokolov on the experience of the work of 
technical councils in certain inspection laboratories for measuring equipment. These articles are published here, 
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The technical council has the right to: 


a) entrust its members with developing the required material and preparing it for council sessions according 
to an approved plan; 


b) involve in the working-out of certain problems engineers, technicians and other laboratory workers, as well 
as experts and innovators in the sphere of measurement techniques in plants and organizations of the Gor’kii economic 
area and representatives of the Sovnarkhoz; 


c) convene conferences and organize teams for working out certain problems; 


d) develop and submit for the consideration of the Sovnarkhoz technical and economic council administra- 
tion recommendations on various problems coming within the competence of laboratories; 


e) compile plans of work for the technical council and approve them; 


f) organize, where necessary, trips for its personnel to other inspection and factory laboratories and other 
organizations, for the purpose of exchanging experiences, 


At the beginning of the council's activity only a linear and angle measuring section was organized, and later 
sections for thermotechnical and electrical and radio measurements. 


The first practical measures of the linear and angle measurement sections were directed toward intensifying 
the activity of the factory central test laboratories (TsIL). In this connection the section decided that each TsIL 
should compile its organizational and technical plan comprising the following sections: 


1, Assimilation of new checking methods and equipment, mainly instruments and devices for production test- 
ing, designed to operate in the workshops, 


The TsIL should pay particular attention to the assimilation of automatic control equipment and establishing 
the necessary conditions for its operation. 


2. The improvement of the methods and operation of the measuring equipment service inspection agencies, 
which would provide a simplification and reduction of technical documents in checking, raising responsibilibies in 
the use of the equipment, increasing its life, checking the measuring equipment in situ, developing simpler tech- 
niques for checking various instruments (checking the operating range of the scale), etc. 


3. Study of the operational properties of new instruments, The service inspection agencies should continuous- 
ly study the operational properties of newly received instruments and gauges, report their observations and suggestions 
to the manufacturing plants, and improve existing measures and measuring instruments. 


4. Raising the qualifications of the personnel. Conduct technical instructions, seminars, sending people to 
courses for improving their qualification, exchanging experiences by visiting other plants for special purposes. 


5. Improving the working conditions in the TsIL and the control and checking stations (KPP). Organization 
of work-benches according to the Committee's instructions, provision of normal temperature and lighting conditions, 
provisions of the basic and auxiliary equipment, instructions on testing especially complicated components and prod- 
ucts, etc. 


In compiling the plan of activity it is necessary to take into account the potentialities of the TsIL, the train- 
ing of the personnel, etc, Such plans, compiled for half-yearly or yearly periods, are approved by the chief engi- 
neer or a person responsible for the uniformity of measurements at the plant, and constitute documents which oblige 
the TsIL to fulfil all the measures envisaged in the plan. 


The supervision of the service inspection agencies by the inspection laboratory includes the checking of the 
fulfilment of these plans; moreover, the measures which deserve attention by the results of their application should 
be noted with approval in the inspection report. 


At present the planning of organizational and technical measures has been firmly established in the routine 
work of the TsILs and has greatly intensified their activity. Of the various measures introduced by the service in- 
spection agencies as a result of the operation of the linear and angle measuring section the following most effec- 
tive measures should be noted; 
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a) a commission consisting of section members examined the service inspection personnel. Before the exami- 
nations technical instruction at the plants was organized; 


b) a comparative checking of the work of the factory personne] was organized in the following types of meas- 
urements: checking grade 5 block gauges, checking thread calibers; checking smooth snap gauges, checking smooth 
rings by means of an optimeter, measuring hardness on a TK hardness gauge. The test results were discussed at the 
section with the participation of the persons who took part in the test checking; 


c) technical conferences with demonstrations of new types of instruments were organized and proved to be of 
interest to many plants. As a result of these conferences the most efficient instruments and devices were introduced 


at several plants. For instance, instruments for measuring angle gauges (KPU-1) were produced and assimilated at 
10 plants. 


Instruments for checking external threads on bolts in situ were made and assimilated, Sofronov type projectors 
were acquired and introduced, drawings for making a device used in checking the screw-line curvature in thread 
calibers were drawn and distributed, and many devices developed by the GKLs and plant laboratories for checking 
instruments and gauges were produced; 


d) three-months' courses for checking opticomechanical instruments were organized, seminars for the study 
of the principles of operation of continuous automatic testing instruments, and for determining and checking the 
helical line curvature in thread calibers were held, and a draft instruction for checking end gauges was explained; 


e) the draft regulation for central measuring equipment laboratories, compiled by the Committee of Standards, 
Measures and Measuring Instruments, has been widely discussed. As a result of this one plant has already established 


a measurement techniques department, headed by the chief metrologist who reports directly to the chief engineer 
of the plant. 


The Gor'kii GKL is planning to help the setting up in 1961 of measurement technique departments in several 
plants. As a result of the work of sections the activity of the service inspection agencies has been made considerably 
more efficient. In addition to their checking work these agencies are beginning to deal with the improvement of 
production processes which depend on measurement techniques. A constant exchange of experience between factory 


TsILs has been organized, and the ties between the inspection laboratories and the service inspection agencies have 
been strengthened, 


The technical council of the inspection laboratory has been able to involve in its work the best metrologists 
of the plants, thus greatly enhancing its authority. 


In order to implement most effectively the decisions of the technical council sections and make the most im- 
portant decisions to be considered compulsory by the plants, the Gor"kii GKL has started in 1961 to develop the ac- 
tivity of the sections according to theplan of the technical and economic council of the Sovnarkhoz as one of the 
Council's permanent sections, in the manner provided in the Regulation on laboratory technical councils. 


The greatest attention in the work of the technical council sections in 1961 will be paid to organizing meas- 
urement equipment central laboratories (TsLIT) at the plants, and to organizing courses and seminars for the purpose 
of raising the qualifications of service inspection and the Gor’kii GKL personnel. 


The organization of TsLIT's will require time and a different approach to each plant, taking into consideration 
the peculiarities of their production and the condition of their service inspection agencies, It is impossible to reor- 
ganize services which have been in existence for many years simply by issuing orders to plants, It is necessary to 
show by convincing examples the efficiency and necessity of establishing TsLIT's as authoritative agencies capable 
of solving problems connected with production technical measurements, 


B. L. Sokolov 


Technical councils attached to the GKLs are being organized according to the resolution passed by the Russian 
Federation Republican Conference of the state inspection laboratories personnel, in September,1960, 
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The favorable experience gained from the operation of the Gor’kii GKL technical council is confirmed by 
the activity of technical councils of the Rostov, Smolensk, Tula, and other inspection laboratories. Thus, in connec- 
tion with the establishment in the Smolensk Region of a new industry, namely instrument-making, the technical 
council of the Smolensk GKL discussed measures designed to prepare several instrument- making plants for the pro- 
duction of measuring instruments, the state testing of experimental batches of these instruments, and distribution of 
the technical documents involved in state testing. These conferences were attended by the GKL personnel, chief 
engineers and heads of the technical control divisions in the plants, representatives of the Sovnarkhoz engineering 
administrations of the Leningrad Special Design Office of the Academy of Sciences, USSR, of the Smolensk branch 
of the All-Union Scientific Research Institute of Thermal Instruments, etc. 


Another equally important question discussed by the technical council was the organization of central test 
laboratories in the instrument- making plants of the Smolensk Sovnarkhoz. 


The technical council of the Tula GKL, together with the Sovnarkhoz technical department, received reports 
from administrators of four plants on the introduction of standards, republican technical specifications, industrial 
and service norms at the plants, and examined proposals made in this connection. 


Available experience in the operation of technical councils shows that a most decisive factor for the success 
of their activity consists in the composition of the council. 


It is very important to include in the council leaders of the GKL measurement group, outstanding workers and 
representatives of social organizations, experts from the Sovnarkhoz, and other service organizations, leading work- 
ers from plants, factory test laboratories, control and measuring-instrument workshops, pioneers and innovators in 
measurement techniques, and others, For a more expert approach to the problems envisaged by the development 
plan it is advisable to involve in the work of the technical council members of scientific research and design insti- 
tutes, design offices, experts in measurement techniques and others. 


The technical council must be guided in its activity by the Regulation approved by the Plenipotentiary re- 
presentative of the Committee attached to the Executive Committee of the local Soviet, namely, the head of the 
GKL. The technical council may form sections for various types of measurements. 


The Council is headed by a chairman, who is elected at an open session of the council and conducts his work 
according to a quarterly plan, 


General meetings of the council are held once a quarter, meetings of industrial sections at least once a quarter. 
The technical council and its sections conduct their work in close collaboration with the production and technical 
councils of plants, establishments and organizations. If necessary the meetings of the sections can be held at plants 
or institutes. 


The preparation of reports and draft resolutions of the technical council and its sections is made by the mem- 
bers of the council on instructions from the council or its sections as well as by representatives or plants or organiza- 
tions by special instruction of the council or its sections. The reports and draft resolutions to be discussed at the 
council meeting must be submitted to the secretary of the council at least 5-7 days prior to the meeting, and those 
for discussion at the section meetings to the section leaders 5-7 days before the meeting. Decisions of the technical 
council and its sections are recorded in the minutes and approved by the Committee's Representative at the Execu- 
tive Committee of the local Soviet. 


The experience of work of technical councils organized by some GKLs has shown the present and future im- 
portance of their activity. It is necessary to support and develop in every way the establishment of the GKLs’ tech- 
nical councils. 
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IMPORTANT TASKS OF GKL 


(STATE INSPECTION LABORATORY)W ORKERS 
IN AGRICULTURE 


V. V. Petropaviovskii 


Translated from Izmeritel’naya Tekhnika, No. 8, 
pp. 58-59, August, 1961 


In order to implement the decisions of the January (1961) plenary session of the CPSU (Communist Party of the 
Soviet Union) central committee for eliminating important shortcomings in determining the quantity and quality of 
grain and technical crops, the fat content in milk, and other qualitative indexes, the personnel of state inspection 
laboratories (GKLs) are faced with the responsibility for a considerable improvement of their work in helping to as- 
similate new, modern measuring equipment in all branches of agriculture, checking the correct use of measuring 
equipment and, in the first place, the equipment used for determining the quantity and quality of agricultural 
products. 


State inspectors know how to check scales, hondrometers, moisture meters and fat content meters, but this is 
insufficient, Since they operate in rural districts where agricultural products are being delivered, they must be able, 
if required,to make check weighing of grain, determine the degree of its purity, its type and humidity, as well as 
determine the fat content of milk. At the same time the state inspectors must check the ability of stocking organ- 
izations personnel to use correctly their measuring equipment and, if required, provide them with the necessary in- 
struction, They must constantly and effectively assist the newly organized agencies of state inspection of purchases 
to determine the quality and weight of agricultural products, providing the required advice and instructions; they 
‘should strive to provide the newly organized model farms with up-to-date measuring equipment, and see to it that 
the personnel of these farms are able to carry out correctly the required qualitative and quantitative measurements, 


In order to enable the GKL personnel to immediately tackle these important problems in agriculture it is nec- 
essary to organize appropriate technical instruction for them, using as leaders for such courses qualified workers in 
laboratories, elevators, dairy plants and establishments of local stocking organizations. In many cases it will be ad- 
visable to hold such courses on the premises of these organizations, making use of their equipment. 


In acquiring the technique for determining the quality and moisture content of grain and the fat content of 
milk, the state inspectors must not only learn how to carry out these tests, but they must perform them with con- 
fidence and efficiently, meeting fully and accurately the appropriate state standards as well as service instructions 
and specifications. Special attention should be paid to the technique of taking samples, since the correct determina- 
tion of the above qualitative indexes depends, to a great extent, precisely on the methods of selecting test samples, 


Grain samples should be taken according to GOST (All-Union State Standard) 3040-55, and milk samples according 
to GOST 3622-57, 


In order to direct this new activity of the GKLs toward a definite goal, it is advisable to instruct several labor- 
atories to check- test on a mass scale the qualitiative indexes of grain and milk, and to present the material thus 
collected to the Committee of Standards, Measures and Measuring Instruments, for its classification and analysis, 
This would provide the possibility of ascertaining the reasons for incorrect measurements, It would then become 
possible on the basis of such an analysis to adopt the required organizational and technical measures aimed at a rad- 
ical improvement in determining the qualitative indexes of grain and milk, 
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SELECTION OF METHODS AND MEANS 
OF MEASUREMENT IN PRODUCTION 


A. A. Gaikov and N. D. Belyi 


Translated from Izmeritel'naya Tekhnika, No, 8, 
pp. 59-61, August, 1961 


The wide development of cooperation in industrial production sets important requirements with respect to the 
interchangeability of the produced commodities. In providing such conditions of interchangeability, the measure- 
ment technology becomes a most important factor. 


The aim of keeping within set tolerances, i.e., of making interchangeable the commodities produced not only 
at a certain time in a given plant, but also those produced at any time in any of our plants,can only be achieved by 
the appropriate organization of measurements. 


The system of tolerances at present adopted in engineering satisfies in the main the interchangeability require- 
ments, However, effective interchangeability cannot be provided even with a perfect system of tolerances, unless 
this system is accompanied by a strict uniformity and correct application of measures and measuring instruments in 
various plants of our country. Any neglect in observing uniform measures has often led, and leads, to difficulties in 
production cooperation. 


In this connection it is most important to correctly choose the appropriate equipment for checking technolo- 
gical processes according to the type of production, accuracy of machining, the degree of mass-production and other 
production characteristics, In each particular case it should be decided which of the technical inspection methods 
should be adopted: Whether it should be static, continuous automatic, automatic or semiautomatic inspection of 
finished products, inspection by means of measuring devices, etc. It should be noted that inspection automation as 
a rule not only makes the work of inspector much easier, but makes production checking less expensive though more 
objective and reliable, 


A reduction in the cost of acceptance inspection can be attained, without lowering the quality of production, 
by prophylactic checking, i.e., by studying and eliminating the causes of defects, It often happens in practice that 
a new automatic checking machine exposes many more defects than had been the case before its use, This is due 
to the fact that a correctly operating automatic machine brings to light the so-called hidden defects, thus indicat- 
ing the necessity of improving the technological process, Its improvement may make one hundred per cent check- 
ing and the use of the automatic machine no longer necessary. It may be found, however, that the former inspec- 
tion methods provide a sufficiently high quality of production, In this case it is not advisable to change the technol- 
ogical process and the checking machine need not be used in this instance either. 


The measuring methods and equipment are selected on the basis of their economic factors, which include the 
cost of the equipment, duration of its operation before resetting is required, the time required for setting it to a given 
dimension, the time involved in the measuring process, and the training required for the servicing personnel. 


The Tashkent GKL checked the manner in which some plants selected measuring methods and equipment, and 
found that crude mistakes were still being made in the planning of technological processes. Thus, the Tashkent 
gauge plant issued an instruction for testing the tapering and the difference in the diameters of the working part of 
a end-type milling cutter with an odd number of teeth by means of a micrometer, Such a measurement, however, 
is impossible since these cutters have not a single pair of teeth diametrically opposite each other, These parameters 
can only be measured, for instance, on a universal microscope type UIM-21. 


The Tashkent cable plant also made an incorrect selection in certain production methods and means of meas- 
urement, At all the testing stations the resistance of conductors below 2 ohm was measured on single bridges which, 
owing to their constructional peculiarities, have large errors in measuring small resistances, This parameter should 
have been measured on a double bridge which has an error not exceeding 1.5). 


In the same plant ac cable-testing sets use grade 2.5 instead of grade 0,5 instruments, which does not provide 
the required accuracy of measurements. Insulated conductors were tested on an equipment which had no continuous 
voltage control and did not provide a voltage with a stability of + 2.0% during testing, its voltage variations 
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amounted to + 0.5%, The above equipment was not provided with means for measuring the test voltage, and as a 
result some of the tests were carried out with a voltage 3.0-39,.0% below the specified value. 


The yarn impregnating installation in the power cable shop was fitted with 25 kg-wt/cm* manometers, whereas 


the maximum measured operating pressure amounted to 3 kg-wt/ cm’, thus the impregnation was not measured with 
sufficient accuracy, 


An incorrect choice of measuring equipment distorts the technological process and affects the quality of pro- 
duction. The fact that certain production, for instance, power cables of the Tashkent cable plant, was revealed by 
inspection to be below the required standards is not accidental, 


It is just as important in high-quality production that the measuring equipment should be maintained at the re- 
quired level, i.e., it must always be usable and accurate. It is often found in practice that, although the methods 
and means of measurement have been correctly selected, their defective condition results in the production being 
below the requirements set by state standards and specifications, in a waste of electricity and raw materials, in de- 
fective computations of electrical energy, steam, water, etc, 


It is known that the maintenance of measuring equipment at the required level of efficiency is entrusted to 
service inspection agencies, consisting of factory (TsIL, TsZL, TsLIT, KPP, etc) [central test laboratory, central fac- 
tory laboratory, central measuring equipment laboratory, control and checking stations, etc] and area laboratories 
for measuring equipment. The latter service plants which have only a small number of instruments, State inspection 
laboratories of measuring equipment exercise continuous supervision of plant and area laboratories, 


On the basis of the decisions of the July (1960) plenary session of the CPSU (Communist Party of the Soviet 
Union) central committee, many inspection service agencies of the Uzbek SSR Sovnarkhoz (Council of national 
economy) have reorganized their work and are now paying greater attention not only to testing, but also to intro- 
ducing improved methods and measuring equipment and to studying the operational qualities of the instruments in 
use. Guided in their activity by the service inspection regulations of the ministry or department to which their plants 
belong, they are now taking part in umpire testing of the quality of production and in other questions connected with 
measuring equipment. In addition to providing testing graphs of the instruments at present in use, the above agencies 
have developed future plans for introducing new measuring equipment, as well as plans for studying the operational 
properties of measuring instruments, and have organized the testing of instruments in their laboratories. 


The above work has already resulted in considerable savings for the plants, due to the improvement of tech- 
nological processes, reduction of rejects, increased labor productivity, etc. Thus, the Uzbekenergo area test labor- 
atory has produced a potentiometric equipment with a semiautomatic potentiometer R2/1, which has raised the 
labor productivity of the inspectors by 15-20%, 


For testing insulation of low-voltage motors and other equipment of Chirchik electrochemical combine has 
introduced a 500 v megger with an electronically stabilized voltage. Only one man is required to operate this in- 
strument instead of the two normally required for other types of meggers. 


The replacement of uneven-arm 0.5 ton scales by automatic scales at the Nukus will has provided a saving 
in wages of 1700 rubles per year; the use of a 100-ton weighbridge at the Dzhambaisk stocking station has resulted 


in the saving of 48,000 rubles per year and in addition has reduced the standstill time and raised the turnover of 
railroad cars, 


However, besides the service inspection agencies which have reorganized their work there are still some agen- 
cies which work in the inefficient “old way.” These agencies do not introduce new measurement methods or equip- 
ment, the condition of the existing equipment in the plants under their supervision is often unsatisfactory, In this 
connection the Tashkent GKL has been forced to introduced, in addition to other measures, an over-all heavy state 
inspection of all the measures and measuring instruments at several of these plants, 


Such inspections have a decisive effect on the condition of the measuring equipment in the plants which fall 
below the required standards, and forces them to organize systematic supervision of their measuring equipment, 
However, the wide application of these measures is undesirable, since it distracts inspection laboratories from their 
many other organizational and technica] tasks. 
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In order to maintain the existing measuring equipment at the required level of efficiency, introduce more ef- 
fective and better measuring methods and equipment, study the operational properties of existing measures and meas- 
uring instruments for the purpose of the further development of our instrument- making industry, the service inspec- 
tion agencies should speed up the reorganization of their work. 


INSTRUMENT TESTING SPECIFICATIONS 
SHOULD BE DIFFERENTIATED 


K. V. Ovchinnikov 


Translated from Izmeritel'naya Tekhnika, No. 8, 
p. 61, August, 1961 


The existing specified outputs for grade 1, 2, and 3 GKLs (State inspection laboratories) place the grade 2 
and 3 laboratories, which do most of the instrument checking, in a very difficult position, owing to the differences in 
their provision with reference instruments, and hence in the different methods of checking they are compelled touse. 
The specifications provide that the following numbers of reference instruments should be tested per man-shift: 7 re- 
sistance boxes, 7 bridges or dc potentiometers with at least 4 significant figures, 5 ammeters or voltmeters types 
M80/ 1 and M82 with 20 measuring ranges each, etc, These production norms can be attained or exceeded only by 
working overtime, which may have detrimental effects on the quality of the work. 


We consider that the production norms should be differentiated according to the grade of the GKL without re- 
ducing the Committee's over-all plan of work. 


It also seems advisable to simplify the forms used for reporting test results. For instance, in checking resist- 
ance boxes type KMS-6 several hundred measurements are made according to specification, It is not necessary to 
record the errors of all these measurements, it is perfectly satisfactory to enter only the maximum errors for each 
decade, i.e., 6 entries in all, thus saving a considerable amount of time, The same may be said with respect to 
reference pointer instruments, in which for each scale only one maximum correction should be calculated, instead 
of 10 corrections for ammeters and 15 for voltmeters, as it is done at present. 


Finally, it is desirable to increase the exchange of experience between various GKLs and to apply everywhere 
the better methods adopted by some of the laboratories. 
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INFORMATION 


BRITISH TRADE FAIR 


Translated from Izmeritel’naya Tekhnika, No. 8, 
pp. 61-63, August, 1961 


The British Trade Fair was held in the Moscow Sokol'niki Park from May 19 to June 4, 1961, 


A considerable part of the Fair was occupied by various measuring instruments used in research laboratories 
and in production control and automation. The most comprehensive displays consisted of electrical, electronic and 
radio instruments. Some of the exhibited instruments had already been shown at last year's British Laboratory and 
Industrial Instruments Exhibition. * 


Blackburn Electronics exhibited a five-digit transistorized voltmeter type BIE 2116, The instrument has a pro- 
jection type display and an automatic indication of polarity, and measuring range between 2 and 1000 y, Its error 
is + 0.01%, sensitivity 10 uv, transformation time 90 msec, and input impedance 20 meg, It is provided with an out- 
put for a printing device. It weighs 12 kg and its power consumption is 200 w, 


The transistorized type BIE 362 dc amplifier has a gain adjustable in the range of 10 to 300, its linearity is 
0.1%, zero drift referred to the input of 3 pv in 8 hr, bandwidth up to 25 kc, input impedance of 3 meg, and its 
weight is 8 kg. 


The Solartron Company exhibited digital display voltmeters, 7 converters for feeding information to 
computers, and an ac converter voltmeter, 


It is interesting to note this firm's dc digital voltmeter type LM 902.2 with a measuring range of 0,1 myv-1599v 
with an error of 0.1%, and the ac converter voltmeter type LM 903 with a conversion range of 0,01 to 159.9 v for fre- 
quencies of 20 cps to5 Mc. This converter, in conjunction with instrument LM 902.2 provides a digital display. 


The Cambridge Company's electronic recording potentiometer type 74151 has a high-speed operation(0,4sec) 
and a good damping. The instrument has no velocity feedback and uses a motor with a large starting torque, It 
measures up to 1 mv with an error not exceeding 0.%% and a sensitivity of at least 1 yv, A six-channel model is 
produced with a printing speed of 50 results per minute, 


The same firm exhibited a multichannel boiler water analyzer. It is noteworthy that in this analyzer the same 
secondary instrument records concentrations of oxygen, hydrogen, hydrogen ions and electrical conductance. 


Of considerable interest is an electronic potentiometer with three measuring ranges (1, 5 and 10 mv) and a 
facility for discrete displacement of zero in 22 steps of 1, 5, and 10 mv each, depending on the measuring range. 
In all the potentiometers reference elements consist of silicon stabilitrons. The potentiometers of this firm have an 
oil-immersed slide wire with rubbin contacts. 


The Kent Company's electronomic potentiometer Mark 3 Multelec has an error of 0.2% and a sensitivity of 
0.1%, It measures up to 2 mv. Its power pack uses Zener diodes, The instrument weights 64 kg. 


The Marconi Instrument Company exhibited an AM and FM signal generator, a sweep generator, double-beam 
oscilloscope, pulse generators, signal shape analyzer, a power meter, ac microvoltmeters, tube millivoltmeters and 
voltmeters, a Q-meter, and universal bridges. 


The Marconi electronic counter type TF 1165 has a capacity of 9999999 and can count pulses of an amplitude 
of 0.5 to 30 v with a frequency up to 1.0 Mc. Its input resistance is 1 meg, input capacity 50 pyuf. It weighs 23 kg 


and has a neon-type digital display. In conjunction with timer type TF 1220 it can measure frequency and oscilla- 
tion periods, 


The Honeywell Company exhibited commercial electronic potentiometers with a reading settling time of 
0.25 sec and a measuring circuit power pack with Zener diodes, flowmeters, liquid level and pressure indicators, and 
miniature pneumatic instruments. 


*Izmeritel'naya Tekhnika 1960, No, 8 








The Pye Company's Dynacap pH meters have 9 ranges of (pH) 0-10, 4-14, 0-2, 2-4, 4-6, 6-8, 8-10, 10-12, 
and 12-14, The smallest calibration of all the ranges with the exception of the first is equal to 0,02 pH. The drift 
per 24 hr does not exceed +0,03 pH, Its input resistance is 10" ohm. The same firm exhibited galvanometers, a 
galvanometer amplifier, a precision decade potentiometers, a dc amplifier, an argon chromatograph, and an infra- 


red spectrophotometer. 


The Cossor Company exhibited double and single-beam miniature oscilloscopes and a number of radio- meas- 
uring instruments. 


The Daw Company showed bridges, potentiometers, audio and ultrasonic generators, and stroboscopes. 


The Cintel Company showed a rectangular pulse generator with a range from 1 cps to 1 Mc, a duty factor of 
2 and an output voltage of 50 v. The rise time is 10 - 10°* sec, the distortion of the flat top of the pulse does not 
exceed 1%, the frequency is controlled with an accuracy of + 2%, The counter and universal timing device shown 
by the firm are transistorized, use printed circuits, and indicating pointer instruments. 


The firm EIL exhibited a millisecond interval meter type 25 E which can measure time intervals of 0.2 msec 
to 1 sec with an error of 2%, The instrument has an input impedance of about 2 meg and responds to negative and 
positive pulses of 3 to 300 v. 


The electronic millivoltmeter with a dynamic capacitor type 33 B made by the same firm has the following 
characteristics: measuring range of 10.0 to 1000 mv, sensitivity of at least 0,1 mv, zero drift not exceeding 0.1 mv 
per 12 hr. Input impedance of 10" ohm. 


The EIL Company also exhibited portable and commercial pH meters, titrators, fluxmeters and megamegaohm- 
meters. 


The leading manufacturers of equipment for measuring flow and pressure of liquids and gases were well re- 
presented at the Exhibition. 


The De Havilland Aircraft Company exhibited a set of turbine flowmeters of the Pottermeter type from 3 to 
100 mm in diameter with a top capacity of 30 liter/ hr to 540 m*/ hr and a measuring range of 20: 1. Their error 
was +0,%%. Operating temperature —270 to +820°C. To special order the firm makes instruments to measure flows 
up to 10,000 m’/ hr, 


The Honeywell Controls Company exhibited a grade 0.5 bellows differential manometer for working at tem- 
peratures from—40° to +120°C and a pneumatic converter of pressure differences based on force compensation 
(weight 10.5 kg). 


The Kent Company exhibited a wide range of instruments including mercury float differential flowmeters 
with a disc diaphragm (driven by an 8-day clock mechanism), and an integrator, bellows differential manometers 
for measuring pressure, flow, level, density, etc. Instruments equipped with self-protecting bellows, devices for 
damping pulsations, thermal compensators for temperatures between—32° and + 71°C, auxiliary, devices for meas- 
uring temperatures between—40° and +600°C, It also exhibited bell-type differential manometers with a top meas- 
uring range of 12 to 200 mm H,O equipped with three-pen recorders. Static pressure meters up to 3.5 kg-wt/ cm’, 
aircraft turbine flowmeters with miniature transducers, weighing 312 g and having top measuring limits of 0.9 to 
4.5 m*/hr, Their measurement error is (in the range 1: 10) +1%, Another version of these meters is produced 
with a manual correction of fuel density variations in the range of 0,.68-0.86 g/ cm’, Their measuring range is 
22.7-454 kg/ min or 22.7-227 kg/ min. Their error is (in the range 10: 1) +1.9%%. Their weight is 765 g. Doll's 
tube has an extremely low residual pressure loss (lower than that of a Venturi tube) for a short length (half that ofa 
Venturi tube). 


The Meterflow Company's turbine flowmeters type M1 with their indicating and integrating secondary instru- 
ments are of interest, Eachinstrument is calibrated separately and supplied with a calibration curve. The nonlinear- 
ity of their A of 8: 1 amounts to + 0.25%, Their operating temperature is from—180° to +150°C, a pressure of 
210 kg-wt/ cm* (by special order the firm makes transducers for temperatures up to 450°C and higher pressures). The 
measuring range is from 1,6-13.6 to 145-1182 liter/ min, The same firm produces for the oil industry turbine flow- 
meters type M5 with ranges from 136-1364 liter/ min to 0.9-9 m®/ br. The instability of their readings is smaller 
than 0.1% of the full-scale deflection. The loss of pressure at the maximum flow amounts to 0.2 kg-wt/cm*, The 
operating temperature is -200 to+300°C, The firm also makes miniature induction pressure converters (including 
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those of an absolute type) with a top measuring limit of 420 kg-wt/ em’, Their weight does not exceed 
255 g. 


The Armstrong Whitworth Equipment Company exhibited a miniature liquid flow speed transducer which con- 
sists of a 5- vane turbine whose axis is fixed at the end of the tube in such a manner that the vanes pass in front of 
the tube end at a distance of 0.1 mm from a gold wire placed inside the tube. The wire is connected to a bridge 
circuit whose output voltage is a measure of the flow speed, Its measuring range is from 23 mm/sec to 0,6 m/sec, 
Its error amounts to +5% at a speed of 25 mm/sec, +2 at 755 mm/sec, and + 1% at 150 mm/sec and over, Its 
dimensions are 15 x 25 x 15 mm, The firm also exhibited miniature high-pressure flowmeters(up to 420 kg-wt/cm?) 
with a constant pressure difference and a range from 2,25-22.5 to 13.5 liter/ min and an error of +2% of the meas- 
ured value in the range of 1: 4 and + over the first quarter of the scale. Their operating temperature is from 0 
to 100°C, 


The Langham Thompson Company exhibited a set of miniature pressure converters suitable both for static and 
dynamic measurements, The UP and BP type converters use strain gauges, Their top measuring limits range from 
250 mm H,O to 1400 kg-wt/ cm”, their error is between #1.5 and +0.9%.of the full seale deflection respectively. 
Their operating temperature extends from—40°-:to+120°C, Their weight is between 200 and 300 g. 


Bellows transducers intended for measuring pressure differences up to 1.4 kg-wt/ cm? at pressures up to 
21 kg-wt/ cm’ and down to 7600 mm Hg. Their permissible overload amounts to 100%, Their error is 1.9%. Their 
weight is 680-960 g. Transducers whose sensing elements consist of a single-turn tubular spring are designed for top- 
scale pressures from 3.5 to 210 kg-wt/cm*, Their error is +1.9% of the full scale deflection. Their weight is 300 g. 


The Negretti and Zambra firm exhibited manometers with a single turn tubular spring (measurement range of 
0-4.2 to 0-700 kg-wt/cm’, measurement error of + 0.5% for top limits of 70 kg-wt/cm* and 1% for the remain- 
ing ranges); manometers with a diaphragm unit (top measuring limit up to 2 kg-wt/ cm’), aircraft flowmeters with a 
constant pressure difference (indicating and integrating) and a measurement error of +0,7% of the full scale deflec- 
tion and a total error of integration of +2% in the range of 1: 5, their measuring range extends from 4.5-90 to 4,5- 
180 kg/ min; pneumatic pressure transducers based on the force balancing principle. 


The Cambridge Instrument Company exhibited a set of indicating maiometers and vacuum meters with metal- 
lic and nommetallic (slack) diaphragms (top measuring limit up to 150 mm H,O), with single-turn tubular springs 
(top limit up to 700 kg-wt/ cm”), Pitot tubes, recording manometers (with the same range as indicating manometers), 
electrical pressure transducers. 


The automatic measuring system for dispensing liquid oil products exhibited by the Lindars Automation 
Company is worth noting. The dispensing can be accomplished by volume or by weight. The quantity of the meas- 
ured- out liquid is automatically printed by means of a summing device or an electromagnetically operated type- 
writer. 


SEMINAR FOR IMPROVING QUALIFICATIONS 


G. I. Klykov 


Translated from Izmeritel’*naya Tekhnika, No. 8, 
p. 63, August, 1961 


The seminar for improving the qualifications of the TsIL and KPP (Central test laboratory and Control and 
checking stations) personnel at engineering plants, organized by the Central Bureau of Technical Information of the 
Leningrad Sovnarkhoz (Council of national economy) at the M, I, Kalinin Leningrad Polytechnical Institute has com- 
pleted its work, 


The 105 students at the seminar included heads of TsIL and BTKs (Technical inspection bureaus), TsIL engi- 
neers, foremen, TsIL and KPP laboratory assistants and inspectors of the largest engineering plants in Leningrad. 
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Lectures on the following subjects were given at the seminar: 1) design and methods of checking the equip- 
ment for measuring dimensions in engineering~80 hr; 2) tolerances and fits in engineering —-28 hr; 3) geometrical 
optics —48 hr. 


The seminar rendered considerable assistance to the production workers in becoming familiar with modern 
measurement techniques and brought to their notice the latest standards and instructions of the Committee of Stand- 
ards, Measures and Measuring Instruments. 


After completing their studies at the seminar the students continue to receive advice and attend instructional 
excursions to plants. Thus the TsBTI of LSNKh (Central bureau of technical information of the Leningrad Sovnarkhoz) 
organized an excursion to the Leningrad instrument plant "LIZ" where the students were shown the manufacture of 
components, assembly and testing of the manufactured measuring equipment. Excursions were also organized to other 
plants of the city. Twenty of the best students were rewarded with a trip to the Moscow instrument plants "Kalibr* 
and MIZ, where they studied the production technique and exchanged experiences. 


The students wish to express their gratitude to the organizers of the seminar, and particularly to engineer 
A. V. Mel'nikov of the TsBTI of LSNKh and to the lecturers of the M, I, Kalinin Leningrad Polytechnical Institute 
who lectured at the seminar: I. S. Amosov, the chief of the laboratory A. L. Markov, and V. N. Dorina. 
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COMMITTEE OF STANDARDS, MEASURES AND MEASURING INSTRUMENTS 


Translated from Izmeritel’naya Tekhnika, No. 8, 
p. 64, August, 1961 
1. New Specifications for Measures and Measuring Instruments Approved by the 


Committee 


New Standards (Registered in May and June, 1961) 


GOST (All-Union State Standard) 4381-61. Lever micrometers, Replacing GOST 4381-57. Effective from 
July 1, 1962, 


GOST 7328-61, Weights. Replacing GOST 7328-55. Effective from January 1, 1962. 


GOST 9763-61. Radio measuring instruments. General technical requirements, Effective from October 1, 
1961, 


GOST 9771-61. Heterodyne frequency meters. Technical requirements. Effective from October 1, 1961, 


GOST 9772-61. Resonance frequency meters. Technical requirements. Replacing GOST 10191. Effective 
from October 1, 1961. 


GOST 9776-61. Instruments for checking worms, worm gears and worm gear transmissions. General technical 
requirements. Effective from January 1, 1962, 


GOST 9781-61. Radio-measuring instruments. Electronic voltmeters. General technical requirements, Ef- 
fective from January 1, 1962. 


GOST 9788-61. Standard signal generators, List of parameters, Effective from January 1, 1962, 


Operating Instructions Issued for Checking Measures and Measuring Instruments and 
Approved by the Committee's Measuring Instruments Administration 
Operating instruction No. 179 for checking surface thermocouples. 


Operating instruction No, 180 for checking reference loaded-piston vacuum meters type MVP-2.5 Order II 
(Grade 0,05) with mutually balancing pistons. 


Operating instruction No, 181 for checking reference loaded-piston scales type OGV-1 for a range of 0-1000kg. 


II. Measures and Measuring Instruments Approved by the Committee as the Result of 
State Tests, and Passed for Use in the USSR (Registered in April and May, 1961) 


Three-phase moving-iron phasemeters, trade mark £771 and £772, of the Krasnodar Sovnarkhoz (Council of 
national economy), State Register No, 1454-61. 


Moving-iron ammeters and voltmeters, trade mark £761 and £762, of the Krasnodar Sovnarkhoz, State 
Register No, 1455-61, 


Ferrodynamic frequency meters, trade mark D761 and D762,of the Krasnodar Sovnarkhoz, State Register 
No, 1456-61, 


Fixed attenuators, trade mark FAD-100/ 30, of the Leningrad Sovnarkhoz, State Register No, 1458-61. 
Fixed attenuators, trade mark FAD-5/ 20, FAD-5/ 30, of the Leningrad Sovnarkhoz, State Register No, 1459-61, 
Fixed attenuators, trade mark FAD-5/ 80, of the Leningrad Sovnarkhoz, State Register No. 1460-61. 








Mobile 2-ton platform scales with a dial indicator, rade mark VPTs-2(m), of the Krasnodar Sovnarkhoz, 
State Register No. 1461-61. 


Automatic rationing unequal-arm scales, trade mark DS-800, of the Kiev Sovnarkhoz. State Register 
No, 1462-61, 


Tensile-strength-testing machines for measuring samples with an effort of 500 kg-wt, trade mark MR-0.5, of 
the Ivanovo Sovnarkhoz. State Register No. 1463-61. 


Tensile-strength-testing machines for measuring samples with an effort of 50 kg-wt, trade mark MR-0.05, of 
the Ivanovo Sovnarkhoz, State Register No, 1464-61. 


Mercury-in-glass thermometers for gas analyzers type UG-1, of the Poltava Sovnarkhoz, State Register 
No, 1465-61. 


Mercury-in-glass thermometers for refractometers RL, of the Poltava Sovnarkhoz, State Register No, 1466-61. 


Mercury-in-glass thermometers for hygrometers type VCh, of the Poltava Sovnarkhoz, State Register 
No, 1467-61, 


Graduated test tubes with normal slides with a capacity of 5, 10, 15, and 20 ml, of the Moscow regional 
Sovnarkhoz, State Register No. 1468-61. 


Portable cable- testing instrument, trade mark PKP-2(m) of the Ministry of Communications, USSR, entered 
in the State Register under No, 731-61, replacing cable-testing instrument KP entered in the State Register under 
No, 731, 


Rack-mounted ammeters and voltmeters, trade mark Ts362,.of the Krasnodar Sovnarkhoz, State Register 
No, 1469-61, 


Portable voltamperewattme ters, trade mark D129, of the Leningrad Sovnarkhoz. State Register No, 1470-61, 


Portable moving-coil voltammeters, shock- and vibration-proof, trade mark M128, of the Leningrad Sovnarkhoz. 
State Register No, 1471-61, 


Combined voltmeters, trade mark M369, of the Krasnodar Sovnarkhoz, State Register No, 1472-61. 
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“Publication of 
‘ment Society 


. “Soviet Instrumentation and Control Translation Series” by the Instru- 
America has been made possible by a grant in aid from the National 


Science Foundation, with additional assistance from the National Bureau of Standards 


for the journal Measurement Techniques. 


Subscription rates have been set at modest levels to permit widest possible distribution 


of these translated journals. 


The Series now includes four important Soviet instrumentation and control journals. 
The journals included in the Series, and the subscription rates for the translations, are 


as follows: 


MEASUREMENT TECHNIQUES — Izmeritel’naya Tekhnika 


Russian original published by the Committee of 
Standards, Measures, and Measuring Instruments 
of the Council of Ministers, USSR. The articles in 
this journal are of interest to all who are engaged 
in the study and application of fundamental meas- 
urements. Both 1958.(bimonthly) and 1959-1961 
(monthlies) available. 


Per year (12 issues) starting with 1961, No. 1 

General: United States and Canada . . $25.00 
Elsewhere .. . . 28.00 

Libraries of nonprofit academic institutions: 
United States and Canada. . $12.50 
Elsewhere ... . . + 15.50 


INSTRUMENTS AND EXPERIMENTAL TECHNIQUES 


Pribory i Tekhnika Eksperimenta 

Russian original published by the Academy of 
Sciences, USSR. The articles in this journal relate 
to the function, construction, application, and op- 
eration of instruments in various fields of experi- 
mentation. 1958-1961 issues available. 


Per year (6 issues) starting with 1961, No. 1 

General: United States and Canada . 
Elsewhere .. . + « 28.00 

Libraries of nonprofit academic institutions: 
United States and Canada. . $12.50 
Elsewhere ... - « « 16.60 


AUTOMATION AND REMOTE CONTROL — Avtomatika i Telemekhanika 


Russian original published by the Institute of 
Automation and Remote Control of the Academy 
of Sciences, USSR. The articles are concerned 
with analysis of all phases of automatic control 
theory and techniques. 1957-1961 1959, and 196u 


Per year (12 issues) starting with Vol. 22, No. 1 

General: United States and Canada. . $35.00 
Elsewhere ... 5 ia iat? 

Libraries of nonprofit academic institutions: 
United States and Canada . $17.50 
Elsewhere ... . « 20.50 


INDUSTRIAL LABORATORY — Zavodskaya Laboratoriya 


Russian original published by the Ministry of 
Light Metals, USSR. The articles in this journal 
relate to instrumentation for analytical chemistry 
and to physical and mechanical methods of mate- 


Per year (12 issues) starting with Vol. 27, No. 1 


General: United States and Canada. . $35.00 
Elsewhere .. . . . 88,00 
Libraries of nonprofit academic institutions: 





rials research and testing. 1958-1961 issues United States and Canada. . $17.50 
available. Elsewhere ... . . 20.50 
Single issues of all four journals, toeveryone,each .. . $6.00 
Prices on 1957-1960 issues available upon request 
SPECIAL SUBSCRIPTION OFFER: 

One year’s subscription to all four journals of the 1961 Series, as above listed: 
General: United States and Canada. . $110.00 
Elsewhere 122.00 


Subscriptions should be addressed to: 
Instrument Society of America 

580 William Penn Place 

Pittsburgh 19, Penna. 


Libraries of nonprofit academic institutions: 
United States and Canada. . $ 55.00 
Elsewhere . . oe a eT 
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